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ABSTRACT 

The reactions of diraethylchloramme with a variety of different 
substrates has been studied. 

With basic substrates such as hydrazine and the a l k y l substituted 

hydrazines, dimethylchloramine acts as an oxidising agent, but with 

ammonia and the methylamines contrast was found with the corresponding 

NH2CI reactions. Simple nuc l e o p h i l l i c attack of the amine on the 

dimethylchloramine nitrogen explains the products found m the reactions 

with CH3NH2 and NH3, whilst dehydrohalegonation reaction accounts for 

the observed products. With dimethylamine a complex reaction occurs 

which i s most probably intimately associated with the decomposition of 

(CH 3) 2NC1 i t s e l f . 

Dimethylchloramine reacts in two different ways with methyl esters 

of certain acids. On the one hand, esters t y p i f i e d by CH3OSO2F, and 

including CH3OCIO3, y i e l d i n g a cationic species id e n t i f i e d as (CH 3) 3NC1. 

In t h i s cation, the nitrogen chlorine bond possesses a s l i g h t dipole, 

the positive end of which i s directed towards the chlorine atom, m 

accord witn the , SC1 NQR absorption frequency of 56.09 MHz, found in the 

CIO4, (CH 3) 3NC1 CIO4, being m excess of that found for C l 2 . The 

application of standard approximate methods to the observed coupling 

constants for the CIO4 and BP4 indicate that the bonding between the 

nitrogen and chlorine atoms i n the cation involves an almost pure chlorine 

p o r b i t a l . 



The ion> (Ch^^NCl, i s precipitable from aqueous solutions of the 

chlorine tnmethylaraine complex, (Cn^^NC^, by C10 4 and BP4 ions. 

With the methyl halides, dimethylchloramme reacts to j'ield, with 

methyl bromide, the addition complex of tnmethylamine, (CHs^NBrCl, 

the i n f r a red spectrum of which f i t s well with the trends observed f o r 

other (CH3)3N (Halogen)2 addition complexes, whilst with methyl iodide, 

a novel tetramethylammonium pseudopolyhalide, (CH3)4N[(CH3)2N(101)2] > 

forms. 

Dimethyl bromamine, (CH 3)2NBr, reacts m a si m i l a r way to (CR^^NCl, 

with alkylating agents, the unstable (CH 3)3NBr OSO2F forms //ith 

CH3OSO2F and (Ch*3)3NBr CIO4 can be precipitated from aqueous solutions 

of the fluorosulphate by C10 4 ions. With CH 3I, (CH 3) 2NBr y i e l d s , i n a 

simi l a r way to (CH 3 ) 2 NC1, (CH 3) 4N[(CH 3) 2N(lBr)2]". 
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C H A P T E R O N E 

INTRODUCTION 



INTRODUCTION 

The study of N-Halamines covers a very broad area of chemistry, 

from the use of NCI3 as a bleaching agent for f l o u r , through t h e i r 

use as precursors to hydrazines, important i n rocket propellents to 

reactions involving alkylamino steriods. 

N-Halamines, as a c l a s s of halogen derivatives of nitrogen, have 

been discussed by Mellor ( l ) and Gmelin ( 2 ) , and much early work on 

NGI3 has been reviewed by Sneldes (3)* Almost c e r t a i n l y the best 

described member of the Halamine c l a s s , chloramine, NH2CI, has been 

reviewed by Drago (if) and Colton and Jones (5)* An important area of 

N-Halamine chemistry, that of water treatment and b a c t e r i a l a c t i v i t y , 

was discussed by Be r l i n e r (6) i n the early 30*s. A comprehensive 

t r e a t i s e on the chemistry of N-Halamines has been undertaken by 

Kovacic (7)* 

I n the chemistry of N-Halo compounds, both the halogen and the 

nitrogen act as reaction s i t e s , and as a consequence t h e i r chemistry 

i s very varied. The nitrogen can aot as both a cation and an anion, 

as i n cer t a i n b i c y c l i c rearrangement reactions and i n hydrazine 

formation, and can also act as a base i n nu c l e o p h i l l i c substituion, a 

ra d i c a l cation i n the Hoffman-Loffler reaction and as a r a d i c a l i n 

photolytic and addition reactions* 

The halogen, i n many instances, can act as a cation i n halogenation 

reactions and as an anion i n G-rignard reactions and hence N-Halamines 

can serve as useful s t a r t i n g materials for a host of organic compounds. 
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The Halamines vary i n t o x i c i t y and explosiveness, serious injury 

has been caused by NCI3 to some early workers i n t h i s f i e l d , indeed 

P. L. Dulong l o s t three fingers and an eye, as Mellor ( l ) s t a t e s . The 

to x i c i t y of NCI3 quickly stopped further use as a bleaching agent f or 

f l o u r . ( 8 ) . 

The reactions of the Halamines can be s p l i t into f i v e classes' 

Dealkylation, Dehydrohalogenation, Halogenation, Ammination, and 

Rearrangements. 

Dealkylation reactions are ty p i f i e d by the non r a d i c a l dispropor-

tionation of n-(C 4H 9) 2N +HCl, the di-n-butylchlorammonium cation, to 

n(C 4H 9)NHCl, mono-n-butylchloramine, i n acid solution (9)> 

(C 4H 9) 2N +HC1 + HgO •(C 4H 9)NHC1 + H 3
+0 + C 4 fragment 

whereas an example of dehydrohalogenation i s found i n the conversion of 

the N-chloro derivative of 3P_acetoxy-20-amino-5-pregene,; a steroid, to 

the corresponding immine ( 1 0 ) . 

( C 4 H 9 ) 2 N + H C 1 + HgO >(C 4HQ)NHC1 + H 3
+0 + C 4 

(C 4H9)NHC1 + H + ^ = i ( C 4 H 9 ) N + H 2 C I 

(C 4H 9)NHC1 + (C 4H5) 2N^HC1 > ((^H^NCla + ( C 4 H 9 ) 2 N + H 2 

QH3 

-HCl 
R-CHNHC1 > R - C = NH 

Base 

where R = 

CH3CO2 

C H 
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This reaction i s usually followed by hydrolysis to form the corres­

ponding carbonyl compound, as exemplified i n the conversion of 

N-chloroisopropylamine to acetone and ammonia, v i a a postulated 

isopropylimine structure: 

-HC1 IfeO 
(CH3)2CHNHC1 > (CH 3) 2C = NH > (CH 3) 2C = 0 + NH3 

and N,N dihalamines containing at l e a s t p carbon atoms produce n i t r i l e s 

when subjected to Caesium fluoride ( l l ) 

CsF 
RCIfeNCla > EC 5 N 

and s p e c i f i c a l l y 

CsF / / 
n-CC^jMCle > ( C s H 7 y S H (90?S y i e l d ) " 

N-Halamine3 are well known to act as halogenating agents of a l i p h a t i c 

and aromatic compounds. Alkanes, e s t e r s , a l k y l halides and ethers were 

found to be susceptible to chlorination by (CH 3) 2NC1 (12, 13j 14* 15* 16, 

17)j i n sulphuric acid solution, usually with F e ( l l ) compounds or l i g h t 

as the i n i t i a t o r . The reaction involves a r a d i c a l cation generated from 

the protonated a l k y l chloramine ( 1 2 ) . 

( CH3 )2N+HC1 > ( ( CH3 ) 2fi+) / 

-HC1 ^ - ' 

The amino r a d i c a l cation then abstracts a hydrogen atom from an alkane, 

RH» forming the dimethylammonium cation and the r a d i c a l R* 

(C H 3 ) 2 r a + y + RH • (CHs^N+Ife + R. 
which then in t e r a c t s with the protonated dimethylchloramine to form an 

a l k y l halide and further diraethylamino r a d i c a l cations: 

R' + (CHs^N+HCl >RC1 + (CHs^N+H 



I n the case of methyl heptanoate, halogenation occurred predominantly 

at the second carbon atom i n the a l k y l chain: 

(CH 3) 2NC1 
CH3O2 CCH2 CH2 CH2 Clfe CH2 CH3 > CH3C2 CCH2 CHq CH2 Cife CHCICH3 

P e ( l l ) 
V% 0% ntAf PA w *» M A1 4*M MM *%4- 4 «2»M m M A l i n w 4 n«M ^ 1 0\ W A M AM1 MM S*** 4 ^ AW* ŴWMH 4»L» A 4 M MR A M 
nunc v 0 4 o i l » J . u « A uavx v« uioi/.iauxau y a.w/ t/GbaQU un a v I U C I I W G A A \ / I U WAG X S V H I C I 

distributions obtained i n the chlorination of 1-chloropropane, suggested 

that the chlorine atom was the chain propagating species, and not the 

dialkylamino r a d i c a l cation, since the orientation and isomer dis t r i b u t i o n s 

were i d e n t i c a l with di f f e r e n t N-chloramines and also with photo-

chlorinationswhich d e f i n i t e l y involves C I * . 

BgN+H^f HC1 > Cls + B2N+H2 (X 

R* + X2 > RX + X* 

X' + RH >HX + R* 

Recent work by Ingold (19) on the N-Halamine halogenation of 

1-chlorobutane indicated that along with the r a d i c a l cation mechanism, 

a concurrent chlorine atom process could occur r e s u l t i n g from impurities 

i n the N-Halamine (Cl2» HC1 or C I - ) . 

Chloramines may also act as halogenation agents towards o l e f i n s , 

NH2C1 and cyclohexene produce low y i e l d s of the 1-2 dichlorocyclohexane 

(20 ) , whereas NCI3 has been shown to form, i n high (90-97$) y i e l d s , 

vic-dichlorides of certain o l e f i n s ( 2 l ) 

3RCH = CH2 + 2NC13 > 3RCCHC1CH2C1 + N 2t 

or s p e c i f i c a l l y , 1,2-dichlorohexane from 1-hexene. 

NCI3 
CH3(CH2)3CH = CH2 > CH3(CH2)3CC1CH2C1 + N 2t 

CH2C]̂  0°C 



The interaction of N-chloramines with primary and secondary amines 

re s u l t i n an exchange process (22) 

(CH 3) 2NH + (CH 3) 2NC1?=^ (CH3)2NC1 + (CH 3) 2NH 
n 

and with t e r t i a r y amines there i s some doubt (7» 23)* 

Ammination reactions with NCI3 and AICI3 apparently sparked off a 

great deal of work i n studying the interaction of N-Halamines with 

saturated f u n c t i o n a l i t i e s (24r 25, 7), such as alkanes. The reaction 

i s postulated to proceed v i a an hydride abstraction process, presumably 

by C1+ followed by addition of the dichloroamide ion; to y i e l d a 

N,N-dichloramine, 
5+ 5-

C13N + A1C13 ̂  CI (NC12A1C13) 
C l + NCla" 

R-CH2CH3 > R-CH-CH3 > R-CH(NCl2)CH3 

followed by reduction to the corresponding amine. I n the case of cyclo-

hexane, N,N-dichlorocyclohexylamine was isolated (26) indicating 

probable involvement of the nucleophile, ~NCl2, ^ n e dichloroamide ion* 

A s i m i l a r reaction occurs with a l k y l halides such as t-butyl chloride, 

(CH 3)sCCl, producing t-butylamine i n 90% y i e l d on treatment with NC13, 

A I C I 3 followed by reduction of the N,N-dichloro intermediate, which was 

isolated (27). 

AICI3 NCla - +H+ 

(CH 3) 3CC1 » ( C H 3 ) 3 C + > (CH 3) 3CNCl2 (CH3)3CNH2 

With unsaturated compounds such as o l e f i n s , acetylenes, (X , (3 

unsaturated ketones, acids and ketones, ammination occurs by addition 

to the multiple bond. NCI3 addition, followed by reduction of the 

N,N-dichloro derivative, yielded p chloroalkylamines with the o l e f i n s , 



ethylene> propylene isobutylene and oyclohexene (27* 28, 29) as 

exemplified by the reaction with ethylene as shown below: 

HC1 
CH2 = CH2 + NC13 » ClCIfeNh^NC^ » C1CH2CH2NH+

3C1~ 

and with propylene, showing that Markovnikov addition occurs: 

CH3CH = CH2 + NC13 » CHsCH-ClfeCl. 

however the substituted ethylenes, 1,1 diphenyl; 1,1,2 trimethyl; 

1,1,2 triphenyl; and tetraphenyl, gave no organic amine products on 

treatment with the NC13, A1C13 system. 

With dialkyl-N-chloramines r a d i c a l additions were found to occur 

with terminal o l e f i n s (30) 

(CH 3) 2NC1 H Q A o > ( C H s k N ^ CI- *) 

XRC = CH2 + (CHs)2NH » (CHs^ifacifeC • 
^X 

/ * + / R 

(CH 3) 2HNCh 2C • + ( CH3 )2NHC1~ > (CH 3) 2iaCU z C- Cl» 
x x x x 

(X = P, CI, Br, S i ( C H 3 ) 3 ) 

However, concurrent with the r a d i c a l cation process, a competing reaction 

scheme involving C l + occurred: 
H H H 

C l + | -H+ | 
HjjC = C-C- » C1CH2-|-C- > CL-CH2-C = C-

X 
X H 

-H+ 

» CI-CH2-C-C-
HOAc / I 

OAc 
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With N-chlorodiethylamine good y i e l d s of p chlorinated amines 

were obtained from 4M H2SO4/HOAC mixtures of the o l e f i n and chloramine 

at 30°C, f o r example (30): 

(C 2H 5) 2NC1 
CH2 = GHGH3 > ^Hc^NCtfeCHClCHs (i*2$) 

H2S04/H0Ac 

CH2 = CHP > (C2H5)2NCH2CHC1P (80$) 

CH2 = CHCrfeCl > (C2H5)2NCH2CHC1CH2C1 (83$) 

I t was found also (31* 32, 33* 34) that N-chloroalkylamines added to 

ol e f i n s by a r a d i c a l process i n redox systems. 

R2NCI + M+ v BgN* + MC1+ 

BgN* + CHsCHgCHgCrfeCH = Crfe > CH3(CH2)3CHNR2CH2 • 

CH3(CH2)3CHNR2CH2* + MC1+ > CH 3(CH 2) 3CHNR 2CH 2C1 + M+ 

M = Cu, Fe. 

Modification of the system to include sulphuric acid, altered the 

attacking species from the pure r a d i c a l to the protonated r a d i c a l ion 

HaNH* (35). 

Depending on the Grignard reagent chosen, N-Halamines can produce 

primary, secondary and t e r t i a r y amines. NH2X, (X = CI, B r ) , form primary 

amines with (n-C4Hg)MgX (36) whereas NHBrg and NC13 produce both primary 

and secondary amines (37* 38). A l k y l substituted halamines produced 1°, 

2° and 3° amines i f the halamme was N(Hal) 2 substituted, whilst only 

2° and 3° amines resulted i f the halaraine was N ( d i a l k y l ) 2 substituted 

(39). 
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Coleman (36) presented the equations: 

RMgX + NH2C1 » RNH2 + MgXCl 

HMgX + NH2CI > RC1 + MgXNH2 

to account f o r the variety of products obtained when investigating 

NH2CI reactions with various G-rignard reagents, i l l u s t r a t i n g the 

dual nature of halogen i n the N-Halamines, amine production shows CI 

as the leaving entity through Sn2 attack whilst, when a l k y l halides are 

obtained, the amino group i s displaced. The nature of R determined the 

major pathway, both reactions were shown to be interdependent since 

NH3 production was found to be inversely proportional to amine 

formation. With other organometallic compounds, chloramine forms primary 

amines (39): 

RM + NHgCl *RNH2 + MCI 

M = L i , Zn 

and with NC13, B 2 Z n produces 1° and 2° amines. Whilst with d i a l k y l h a l -

amines, hydrazine and 3° amine formation occurs with alkylpotassium 

complexes (40). 

( ( C H s ^ K + ((CH 3) 2CH) 2NCl > ((CRsJgOOsN; ( (CH 3 )2CH)2NN( ( CH3 ) 2Ov 2 

however the y i e l d s ( } % amine; hydrazine) were low. 

Ammination involving aromatic compounds has received considerable 

attention i n the past, Bock and Kompa, Minisci e t . a l . and Kovacic e t . 

a l . are probably the three leading groups i n t h i s f i e l d . With toluene 

and a var i e t y of other monosubstituted arenes, amminations occurred i n 

96$ sulphuric acid media. 

3 Bp 

+ ClNRo Z + HC1 
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with toluene, the d i s t r i b u t i o n of products between -o-m,-p substituted 

toluidines was found to favour m- substitution (9:53:38; o:m:p) (4l)» 

A s i m i l a r product d i s t r i b u t i o n was noted when R2NCI, H2SO4, CHs'CgHg 

was photolysed (9:53:38), (42), whilst when toluene was reacted with 

dimethylchloramine and aluminium t r i c h l o r i d e i n a nitroalkane solvent 

p- substitution was the predominant mode of anamination, the di s t r i b u t i o n 

14:27:59 (o:m:p) being found (43). 

With toluene and dimethylchloramine i n redox systems, ammination 

again oecured i n the ration 9:53:38 (o:m:p) (44) which i s contrasted by 

the almost equal o- and p- content of the r e s u l t of ammination of toluene 

with aminosulphuric acid, NH2OSO3H. 

With NCI3, AICI3 amminating systems, 100% m- toluidine was formed 

from toluene, i n 42$ y i e l d (45) and with other a l k y l arenes s i m i l a r 

orientations were found (46), however with NN dialkylhalamines, although 

m- s p e c i f i c i t y was noted, the high m- orientated y i e l d s with NCI3 were 

not reproduced. (47)* The decrease i n m- orientated product y i e l d was 

attributed to e l e c t r o p h i l l i c ammination or free r a d i c a l reactions com­

peting with the o- substitution reaction. 

Aldehydes and ketones react with chloramine to produce ald-chlorxmines 

and ketochlorimines by a S c h i f f s base reaction: 

H 
-H2O 

RCHO + NHbCl > RC-JfHCl * RCH = NCI 

OH 

and primary amines are afforded by reduction (48,49)* 
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With nitrogenous substitutes, much work has been carried out i n the 

synthesis of hydrazines from amines. A discussion of the l i t e r a t u r e 

concerning the reactions of chloramine and substituted a l k y l chloramines 

with amines can be found i n chapter 3. 

With phosphorous compounds N-Halamines react i n a v a r i e t y of 

different ways. Aryl phosphites act as Lewis bases towards d i a l k y l -

chloramines forming an adduct: 

(CgHjCOsP + EtgNCl »(C 6H 50) 3P(N(Et)2)Cl 

whereas with a l k y l phosphites further reaction occurs (50). 

(EtO) 3P + ( E t ) 2 N C l ^(Et) 2N-P0(0Et) 2 + E t C l 

With phosphines, chloramine y i e l d s k° amino phosphonium chlorides i n 

high y i e l d (5 l ) . 

R 3P + NIfeCl »[R3PNH2] +C1~ 

but these s a l t s are often d i f f i c u l t to i s o l a t e because of hydrolysis: 

[R 3PNh23 +Cl~ + IfeO • R3P = 0 + NH4CI 

With a r y l phosphines, P-P bond3 form with (CH 3) 2NC1, forming tetraphenyl-

phosphetane from phenyl phosphine, and tetraphenylbisphosphine from 

diphenylphosphine (52)• 

WgHjPHg + 4(CH3)2NC1 >(C6H5P)4 + 4CCH3)2NH2C1 

and: 

2(C6H5)2PH + (CH 3) 2NC1 > ( C 6 H 5 ) 2 P P ( C 6 H 5 ) 2 + (ClfefeNIfeCl 

Whilst with phosphine, oxidation by dimethylchloramine yielded elemental 

phosphorous. 

PH3 + 3(CH3)2NC1 » 2P + 3(CH3)2NH2C1 



With amino phosphines, ammination always occurs at the phosphorous 

s i t e y i e l d i n g further P-N bonds rather than at the nitrogen s i t e 

y i e l d i n g hydrazines (53* 5k)» This was shown by the hydrolysis of 

the phosphonium s a l t h^N - P+(CgHcj)2)(tC4H^NH) C l ~ i amino-t-butylamino-

diphenylphosphonium chloride, ( l ) > formed from a chloramine interaction 

with di-t-butylaminodiphenylphosphme. Hydrolysis of I yielded 

t-butylamine and ammonia as the nitrogenous substances: 

0 

(I) + H2O + 0H~ » (C 6H 5) 2P-OH + NH3 + t-C4HgNH2 

whereas i f ammination of the aminophosphine had occurred at the 

nitrogen, then t-butylhydrazine would have been formed on hydrolysis* 

The phosphorous preference i n ammination i s also shown i n 

reactions with hydraainophosphines (55)• 

(C6H5)2PN-N(CH3)2 + NH2C1—> (C6H5)2P-N-N(CH3)2 C I " 

CH3 NH2 

thus demonstrating the enhanced phosphorous electron density when 

bonded to an amino group* 

Analogous behaviour of chloramme towards phenyl substituted 

phosphines i s noted i n the equivalent arsenic compounds, aminoarsonium 

halides being formed (56)* 

NH2CI 
(C 6H 5) 3As > ( C 6H 5) 3As NH2 C l ~ 
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With a l i p h a t i c arsines, dimethylchloramine y i e l d s arsenic, 

diarsines, and tetrasubstituted cyclopolyarsines (57) as shown below. 

Arsine Products Y i e l d (as cpd) 

AsH 3 As, (CH3)2NH2C1 66% 

CH3ASH2 (CH 3As) 5; (CH 3) 2NH 2C1 85% 

(CH 3) 2AsH (CH 3) 2AsAs(CH 3) 2; (CH 3) 2NH 2C1 K5% 

Stibanes chloraminated with Nh^Cl y i e l d aminoalkylchlorostibanes: 

R 3Sb + NlfeCl >R3Sb(NH2)Cl 

which condense to form the iminobis-trialkylchlorostibane which are 

readily hydrolysable to the anhydrides and ammonia (58). With s i l y l , 

germyl and stannylamines, Nh^Cl gave products resulting frdm the cleavage 

of the S i - , G-e- or Sn-N bond (59)* and no stable addition compounds were 

formed analogously to the phosphine case* 

Dimethyl(trialkyl s i l y l germyl, stannyl)amines reacted with 

chloramine to y i e l d , for example, the trialkylgermyl halide, dimethylamine, 

ammonia and nitrogen: 

3R3MN(CH3)2 + 3NH2CI >3R3MC1 + 3(CH3)2NH + NH3 + N 2 

II = S i , Ge, Sn 

and i n the case of bis-( t n a l k y l , germyl or stannyl)amine, s i m i l a r 

products were noted: 

3(R3M)2NH + 6MH2CI >6R3MC1 + 5NH3 + 2N2 

(M = Ge, Sn). 

There has been l i t t l e work i n the behaviour of sulphur compounds 

towards halamines. Most commonly, reactions appear to proceed v i a 

nu c l e o p h i l l i c substitution on the halamine nitrogen by the sulphur 

compound. D i a l k y l sulphides, when treated with an e t h e r i a l solution of 



13 

chloramine, precipitate the aminodialkylsulphonium s a l t (60). 

R2S + NH2C1 » IfeS+NIfe C l ~ 

A new N-halo compound, N,N-dihalo-S,S-dimethylsulphurdiimmide, was 

formed by halogenation of the dimethylsulphurdiimmide with the halogen 

i n aqueous solution (6l ) • 

(CH3)2S(=J«i)2 + X2 > (CH 3) 2S(=NX) 2 

These N-halo compounds reacted with BgS compounds yielding S-N 

unsaturated s a l t s by n u c l e o p h i l l i c substitution. 

B2S + (CH 3) 2S(sNX) 2 > (CH 3) 2S(=^ +SB2) 2 2X" 

Of the rearrangement reactions undergone by substances involving 

N-halamines, the best known i s probably the Hoffman-Loffler reaction, 

f o r the synthesis of certain c y c l i c amines from N-halogeno compounds. 

The reaction can be exemplified by the formation of N-alkylpyrollidine 

from N-chloro-(alkyl)-n-butylamine: 

CH2 CH2 

I I HgS04 

C H 3 Clfe -HCl 5 

C 1 x / 

\ , 

The above transformation appears to be a straightforward dehydro-

halogenation reaction, but the i s o l a t i o n of If-chlorodibutylamine from 

N chlorodibutylamine (62) shows that a dif f e r e n t mechanism i s involved. 

I t i s thought that the i n i t i a l l y protonated N-chloramine i s 

homolytically cleaved under the influence of some i n i t i a t o r y influence, 

(heat or l i g h t ) , to y i e l d amminium r a d i c a l s . 



CHa CHo 
f I 

CH3 JCH2 

CI H X R 

The amminium r a d i c a l s then abstracts a s t e r i c a l l y favourable proton 

to y i e l d anaLkyl r a d i c a l : 
CH2 CHo CH2 CH2 
I I I I 
CH3 ^pH2 > CH2 dfe 

< X — H / \ / + \ H R H N R 

The a l k y l r a d i c a l then abstracts chlorine intermolecularly i n a chain 

reaction: 

Cife CH2 CH2 CH2 
0 CH;, CH2 J + * C H 2 CH ; 

' ^ C 1 / / 9 / H 

H / N R H R 

The, (isolable)» if-chlorobutylammonium s a l t i s then converted, by 

alkaline hydrolysis, into the c y c l i c t e r t i a r y amine: 

CH2 CHjj C H 2 — <?H2 

C H 2 
1 
C H 2 \ / 

C I / 
+ V H 

+ HC1 
:H2 

R 

H R 
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An int e r e s t i n g feature, shown i n further investigations of the 

mechanism of t h i s reaction, i s that s e l e c t i v i t y for hydrogen abstraction 

i s at C4 by preference (63)« N-chloro-N-t-butylhexylamine yielded pro­

ducts which were concomitant with C4 hydrogen abstraction: 

CH2 CH2 ( i ) p CH, 

CH2 CH2 ( i i ) NaOH Ctt Clfe 
/ / / \ / 

,CH2 N CH2 N 
CH3 CI t ( C 4 H 9 ) CH3 t(C 4H 9) 

A quite different type of rearrangement was found i n the conversion 

of N,N-dichloro-sec-alkylamines to <x aminoketones (6lf)« The N-Halamine 

i s successively treated with sodium methoxide and HCl: 

N 
-HCl -HCl / \\ 

RCH2 CHR > RCH2 CR >RCH-CR I I I NC12 NCI 

H 

,N N NH3C1 " 
/ \ CH30H / \ HCl I 

RCH-CB. »RCH-C-R-7T7T*RCHCR 
/ *° I 
0CH3 0 

The above scheme accounted for, for example, the rearrangement of 

N,N-dichloro-sec-cyclohexylamine to 2-aminocyclohexane i n 72$ y i e l d 

(65, 66). The N chlorimine, RCH2C(=NCl)R, was isolated and subsequently 

transformed to the « amino ketone ( 6 ? ) . Further support f o r t h i s mode 
lif 

of rearrangement was obtained i n a C la b e l l e d N,N dichloro-1, 
I k I k 2 diphenylethylamine-1- C transformation, the C being found almost 

exclusively i n the carbinyl group ( 6 8 ) . 
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<. — H C l * ' - HC1 
C 6H 5CH 2CHC 6H 5 > G^OfeC > 

NCls NCI 

« NaOMe . j . / 0 0 1 * 3 

CJI_CH-CC H c >. C.H_CH-CC.H. 
b £ 5 b 5 y o p 

N N 
H 

,0CH3 

HCl 
H 0 

W ^ b ^ l ^ C6H
5/

C-6-C6H5 
N ' 

a f t e r degrative procedures were carried out on the product, I I , the 

label l e d C* atom was found i n the ketonic material* 

One type of N halamine rearrangement i s thought to proceed v i a a 

nitrenium ion intermediate. Prom an investigation of the sol v o l y s i s of 

N-chloroisoquinuclidine with CH3OH i n the presence of AgN03, (69» 70) 

60j)S y i e l d of 2-methoxy-l-azabicyclo (3*2.1) octane indicated an a l k y l 

migration. There are two conceivable pathways leading to t h i s product, 

each involving an a l k y l migration: 

a X 
1 
k 

Of 

H 
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pathway (a) involving the formation of a nitrenium ion as a discrete 

intermediate ( i l l ) and subsequent rearrangement by a l k y l migration, 

whereas pathway (b) suggests a concerted process where CI l o s s occurs 

at the same time as a l k y l migration. 

A further example of t h i s type of rearrangement i s ( 7 l ) : 

CI 
Supporting mechanistic evidence to the nitrenium ions' discrete 

existence was obtained from k i n e t i c studies. Methanolysis of several 

2-chloro-2-azabicyclo (2.2.1) heptane derivatives gave thermodynamic 

parameters i n accord with those expected for a process involving ions 

(72). 

This b r i e f review of the chemistry of N-Halamines shows how 

v e r s a t i l e the compounds can be and of what value they are to the 

synthetic chemist.' 

I n t h i s work, the reactions of one of the members of the halo amine 

c l a s s , dimethyl chloramine, w i l l be investigated. I t s reactions with 

basic substrates such as the amines and hydrazines show d i f f e r i n g 

behaviour to that of the simple chloramine NH2CI. The reactions of 

dimethyl chloramine with a l k y l a t i n g agents i s also presented, and i n 

t h i s area evidence i s gained for the existance of the chlorammonium 

cation (CH 3) 3N +C1, and i t s considerably l e s s stable bromo analogue 

(CH 3) 3N +Br. 
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The cation (CH3)3NC1 i s investigated with many spectroscopic 

techniques including NQR spectroscopy where i t i s found that the 

chlorine i s the more electropositive atom i n the N-Cl bond, showing 

that (CH"3)3N+C1 i s c e r t a i n l y a more effective chlorinating agent than 

molecular chlorine* 

The work on the cation (CH 3) 3NC1 + indicates that past considerations 

of the structure of the halogen trimethylamine addition compounds, 

(CH3)3NX2» X = CI, Br, I , i n terms of structures such as (CH3) 3N +X X , 

i s perhaps incorrect i n the s o l i d phase for a l l , with the possible 

exception of (CHs^NClg, where although the ion (CH3)3N+C1 i s formed i n 

aqueous solution, evidence f o r C l - C l interaction has been found i n the 

s o l i d phase* 

The alkylations of (CH3)2NC1 and (CHs^NBr with l e s s powerful 

alkylating agents than, f o r example CH3OCIO3, CH30S03F, provide an 

inte r e s t i n g contrast. I n the case of CH3I, dimethylchloramine yielded 

the unexepcted tetramethylammonium s a l t of a pseudo-polyhalide anion, 

(CH 3)4N + (CH 3)2N(TCl)2 When dimethyl bromamine i s reacted with 

methyl iodide, the corresponding bromo compound i s produced, formulated 

as (CH3)2N + (CH3)2N(lBr)2 t but the interaction of dine thylchloramine 

with methyl bromide gives the known compound, (CH3) 3NBrCl. I n complete 

contrast, when methyl chloride i s used as the alkylating agent, only 

decomposition products of the chloraraine are obtained. 



C H A P T E R T W O 

EXPERIMENTAL METHODS 
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EXPERIMENTAL METHODS 

The study of the reactions of Halo amines with acid and basic 

species required the use of a variety of manipulative techniques. 

Although the majority of reagents used were not p a r t i c u l a r l y v o l a t i l e , 

a vacuum l i n e allowed quantitative transferences of materials to be 

made under anhydrous conditions. The vacuum l i n e also allowed 

investigations of reaction products which were v o l a t i l e , for example 

methane, which would otherwise have been l o s t i f conventional "bench" 

techniques had been used. 

I n order to maintain anhydrous conditions throughout a se r i e s of 

reactions, a dry box was used. 

This Chapter villi describe the vacuum and dry box systems and give 

d e t a i l s of the equipment associated with them. The methods employed 

to purify or prepare and purify a l l the reactants used i n the study 

arc also explained and discussed. 

1. The Vacuum Line 

The vacuum l i n e was of general purpose design, as shown diagram-
/ 

matically i n Figure 1. I t can be s p l i t into four sections, comprising 

of a pumping section ( P ) , a general working section (W), a storage 

section ( S ) , and a fractionating section ( P ) . 

The pumping section comprised of a Jencons mercury diffusion pump, D, 

backed by an Edwards two-stage rotary o i l pump. 

The diffusion pump was rated at better than 30 l i t r e per second pumping 
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capacity at 10 to 10 mm Hg., and could a t t a i n an ultimate vacuum of 

3 x 10 ̂  mm Hg* The pump was heated e l e c t r i c a l l y using a 320 Watt wrap 

round heating element* The c r i t i c a l backing pressure of 0.2 mm Hg* was 

e a s i l y obtained using the two-stage rotary o i l pump which was an 

Edwards "Speedivac" model 2SC20A, powered by a 0.25 horsepower motor, 

providing a pumping speed of 22 l i t r e per minute and an ultimate vacuum 

of better than 10 ̂  mm Hg* 

The diffusion pump was situated between two cold traps, i t being i s o l a b l e 

from the rest of the l i n e by a large three-way tap 3a (Figure l ) and 

tap 4a, thus ensuring that i f chemicals reactive to hot mercury, e.g. 

CI2, were being handled i n t h i s section no contamination could occur* 

An a i r bleed was provided v i a tap l a to prevent o i l suck back when the 

o i l pump was switched o f f . The connections between rotary pump and 

diffusion pump and the r e s t of the l i n e were as large as possible* 

The general working section consisted of an array of s i x taps terminating 

i n B14 sockets to allow attachment of various pieces of apparatus such 

as i n f r a red gas c e l l s or reaction v e s s e l s . I t was found more convenient 

to have B14 sockets rather than Blif cones on t h i s section as reactions 

were carried out which often required the making and breaking of con­

nections to t h i s part of the l i n e , for example weight analysis c e l l work, 

where the cleaning of vacuum grease from the demounted apparatus was 

f a c i l i t a t e d by having a cone and not a socket* This section of the l i n e 

was also equipped with a standard volume and a cold finger, G. 

The storage section provided a t o t a l capacity of 90 l i t r e s i n the form 

of four20 l i t r e bulbs and two 5 l i t r e bulbs. The storage bulbs were 

connected to the vacuum l i n e v i a Rotaflow taps, which were found to be 

more sa t i s f a c t o r y than greased ground glass taps for t h i s p a r t i c u l a r 

purpose, since the se a l provided was found to be, i n general, more 



durable than that offered by a greased tap. The merits of t h i s type 

of vacuum tap are discussed l a t e r * 

For the investigation of v o l a t i l e reaction products, or the p u r i f i ­

cation of v o l a t i l e reactants, the fractionation section was used. 

This consisted of s i x individually i s o l a b l e fractionation bulbs, of 

diameter such that they made a close f i t i n the mouth of a "Thermos" 

dewar. 

The fractionation section was demountable, for ease of cleaning, and 

was equipped with i t s own monometer, FM, Figure 1, so that slow 

d i s t i l l a t i o n s could be carried out whilst leaving the res t of the 

vacuum l i n e free for other work. Access to t h i s section was v i a 

B14 sockets. 

Cold baths necessary for d i s t i l l a t i o n s were made up using organic 

l i q u i d s of suitable melting point, and l i q u i d nitrogen (never l i q u i d 

a i r ) . The temperatures of such baths are given in Table 1* 

Table 1: Temperatures of Liquid Nitrogen Slush Baths 

Cold bath component Temperature (°C) 

Melting CCI4 -23 

Melting C6H5CI -45 

Melting CHC13 -64 

Melting C2H5CO2CH5 

Solid CO2 (CH 3) 2C0 

-78 

-84 

Melting CgH5CH3 -98 
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The cold traps used i n the pumping section contained l i q u i d nitrogen. 

The dewars used with the vacuum l i n e were e i t h e r "Thermos" r e f i l l s 

f i t t e d , most conveniently, into empty one pint o i l cans supported on 

cork rings, or standard quart "Thermos" f l a s k s . The l a t t e r were used 

predominantly f o r freezing p u r i f i e d products on the fractionation t r a i n 

when such products could not be stored elsewhere, for example dimethyl 

chloramine, since nitrogen evaporation losses were minimised by the 

narrow neck of the f l a s k , and cottonwool. The other dewars were used 

for holding the cold baths. 

A l l parts of the l i n e were connected, v i a various manifolds, either 

d i r e c t l y or i n d i r e c t l y to the main manometers M, (Figure l ) , which were 

di r e c t reading and fabricated from 8 mm bore tubing. Pressures were 

recorded using a cathetometer y i e l d i n g pressure readings to 0.01 mm. 

The standard volume situated i n the working section of the l i n e 

was calibrated using an external known volume, whose volume was found 

by weight measurements f u l l and empty of mercury, and the standard P, 

V, and T relationships. 

For vacuum checking, when the vacuum was observed to be better than 

0.01 mm from the manometer, a Tesla c o i l was used which indicated, by 

the discharge colour inside the vacuum l i n e , when the pressure had f a l l e n 

below approximately 10 ^ mm Hg., (a black vacuum) and t h i s condition was 

considered sa t i s f a c t o r y when pumping out reaction vessels or j o i n t s 

between the l i n e and demountable pieces of apparatus. The use of the 

Tesla c o i l could induce the formation of "F" centres i n a l k a l i halide 

i n f r a red plates ( a blue coloration), and also cause the decomposition 

of some reactants (such as (CH^^NCl), thus care was exercised i n i t s 
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use. I t did however prove extremely useful i n the detection of 

pinholes in the glass tubing of the vacuum l i n e but could also cause 

pinholes i f i n s u f f i c i e n t care was taken when checking thin walled 

containers such as molecular weight bulbs. 

I n a l l cases Apiezon M grease was used for j o i n t s which were 

broken, such as cones and sockets, Apiezon L grease was used for 

taps within the vacuum l i n e as t h i s grade proved more convenient, 

espe c i a l l y when the ambient temperature was low, since i t remained 

more f l u i d than M grease at lower temperatures. Black P i c e i n wax was 

used for the connections at the diffusion pump since t h i s was consider­

ably more permanent than either Apiezon L and M grease and would also 

withstand the temperatures at t h i s area. 

For' experiments involving substances reactive towards Apiezon 

greases, such as chlorine, Kel-F 90, a f u l l y fluorinated grease was used. 

Examples of different apparati used with the vacuum l i n e are shown 

in Figures 2-8. I n f r a red gas c e l l s , storage ampoules and some weight 

analysis c e l l s were equipped with the "Rotaflow" stopcock. This stop­

cock i s shown i n section i n Figure 9 and consists of a PTFE plug 

attached to a p l a s t i c knurled knob, the whole f i t t i n g into a s p e c i f i c a l l y 

designed glass tube. When the stopcock i s closed the PTFE plug i s 

clamped t i g h t l y onto the valve seat formed i n the glass tube, thus sealing 

the contents of the enclosed vessel off from the atmosphere. The seal 

at the other side of the stop cock i s formed by expanding the PTFE plug 

along about 1 cm of i t s length by means of a r e s i l i e n t i n s e r t inside the 

PTFE plug. 
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Conditions of a good seal were obtained when both PTPE/glass 

contact areas appeared "wetted" by the PTEE. I t was found important 

to ensure that no dust p a r t i c l e s or pieces of f i b r e adhered to the 

valve seat or the valve stem as t h i s could cause leakage* 

The use of a Tesla spark c o i l , f o r vacuum t e s t i n g , could degrade 

the PTPE around the valve seat area i f care was not taken. 

I t was found that t h i s type of stopcock had several advantages over 

the more standard greased, ground glass tap, i n that i t could be used 

quantitatively a f t e r long periods of time i n contact with, f o r example 

BCI3 whereas a conventional greased tap would have deteriorated. 

Indeed f o r weight analysis experiments where the reaction studies 

involved materials whose b o i l i n g point was less than room temperature, 

the Rotaflow system offered ease of manipulation, r e p r o d u c i b i l i t y and 

safety. 

I t was found however that although a seal may be satisfactory at room 

temperature, t h i s may not be so at say -23°C, i n a freezer, f o i example, 

when the PTFE plug contracts, but t h i s does not represent a serious 

drawback since the contraction can be compensated f o r by pre adjustment. 

The use of the stopcock when formed in t o a storage ampoule i s shown 

i n Figure 4« Clearly the convenience of t h i s method over a sealed pyrex 

ampoule need not be emphasised. 

Figure 5 shows two views of the i n f r a red gas c e l l which was 

fabricated from 25 mm diameter tubing and had a path length of 

approximately 10 cm. The c e l l was equipped with a short, approximately 

3 cm, cold finger f o r the collection of small quantities of v o l a t i l e 
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materials, and was scalable by means of a Rotaflow stopcock. Normally 

KBr i n f r a red plates were affixed to the ground glass ends by means of 

Piceine wax, care being taken during the application of the plates to 

prevent cracking under the heat of an i n f r a red lamp used to melt the 

black Piceine sealing wax. I n some cases Csl plates were affixed i n a 

similar way. 

Figure 3 shows a standard weight analysis c e l l formed from a B21f 

cone and socket. The socket part of the c e l l contained a ground glass 

tap whereas the container pari: was formed from a cone. This was so that* 

with careful greasing, materials could be weighed int o the c e l l without 

coming i n contact with the grease around the cone and socket j o i n t . The 

standard c e l l was only practicable f o r dealing with reactions involving 

v o l a t i l e products or reactants where the temperature did not exceed the 

b o i l i n g point of the most v o l a t i l e component. For. weight analyses 

involving higher temperatures, the Rotaflow system was used (Figure 2) 

which consisted of a TF16/2J* stopcock fused to a wider bore tube rounded 

at the end. This size of stopcock allowed quantitative transferences 

to be made by completely removing the PTFE plug. 

For the opening of 16 mm O.D. heavy walled pyrex reaction ampoules 

(Figure 8c) an ampoule breaker was used, which i s shown i n Figure 8b and 

i n use i n Figure 8 a . The ampoule breaker was used by i n i t i a l l y deeply 

scoring the sealed end of the ampoule to be opened, with a glass k n i f e , 

near to the t i p but below the fused end, and coating the neck of the 

ampoule with Piceine wax. Whilst the wax was s t i l l s o f t , the open end 

of the ampoule breaker was s l i d onto the ampoule so that the scored end 
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was close to the heavy operating lever of the ampoule breaker tap, and 

the whole allowed to cool. Visual inspection usually revealed i f the 

seal was adequate since the wax "wetted" the inside of the breaker tube. 

The complete breaker and ampoule was then aff i x e d to the vacuum l i n e 

v i a the Bllf cone, shown i n Figure 8 b , and the whole evacuated. The 

ampoule to be opened was usually frozen i n l i q u i d nitrogen before 

opening, and the t i p of the ampoule cracked o f f by carefully turning the 

large tap thus bringing the operating lever i n an arc across the t i p of 

the ampoule. 

A selection of tap cone connectors, consisting of a ground glass 

tap fused to either a B14 cone or socket are shown i n Figure 6. These 

were used to connect standard q u i c k f i t flasks to the vacuum l i n e . 

Figure 7 shows an extremely useful addition to the tap cone connec­

t o r , exemplified i n Figure 7, as the apparatus used i n the preparation 

of (CH3)3NCl2« The apparatus consisted of a standard tap cone connector 

joined to a standard q u i c k f i t flask by means of a sintered glass f i l t e r 

s t i c k , of porosity 4> which had a Blk cone fused to each end. The 

reason f o r employing the f i l t e r s t i c k was to prevent fi n e powdered pro­

duct from, t y p i c a l l y , the (CHs^N, Cla, Freon 11, reaction entering the 

vacuum l i n e when the solvent, Freon 11, was pumped away, since i n the 

l a t t e r stages of solvent removal, bumping can occur. The sintered glass 

f i l t e r allowing reactants and v o l a t i l e products to pass but not the 

soli d residues. The use of t h i s addition increased the time taken to 

pump out flasks attached to i t . 



The storage ampoules and tube work of the vacuum l i n e were dried 

and degassed before use by gently playing a gas flame over the outside 

surface whilst pumping at black vacuum. 

2. The Dry Box 

The dry box was a standard glass box of approximately 30 l i t r e s 

capacity and i s shown, along with the associated humidity control 

equipment^ i n Figure 10. 

The glove box was manufactured i n 1970 at the Science Site Central 

Workshops at Durham, from an o r i g i n a l drawing from Warwick University, 

from Vs inch mild s t e e l , a l l j o i n t s were welded. A tubular spanner was 

welded int o the base to take an i n f r a red press. 

An enclosed variable speed re c i r c u l a t i n g pump, P positioned inside the 

glove box, passed the box atmosphere, approximately once every seven 

minutes, through two cold traps, C, f i t t e d i n p a r a l l e l . The box was 

maintained, at a l l times when not i n use, under a positive pressure of 

nitrogen, such that the gloves were i n f l a t e d . The nitrogen used f o r 

the make-up of the box atmosphere was drawn o f f the central l i q u i d 

nitrogen storage cylinder and was rated at less than 6 ppm H2O. 

The box i t s e l f was kept dry with dishes of phosphoric oxide, or 

with sodium potassium a l l o y , placed i n strategic positions around the 

box f l o o r . The adequacy of the dessication can be seen from spectra of 

extremely moisture sensitive compounds such as BCI4 (Figure 30> 

Chapter if ) . 
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The entry and e x i t to and from the box was, f o r large objects, 

v i a the main port, A, which was purged with nitrogen f o r between JO 

and 45 minutes depending on the item(s) being taken into the box. 

For small items, such as i n f r a red c e l l s or ana l y t i c a l samples, the 

quick entry and e x i t port, Q, was used. This consisted of two brass 

B55 cones bolted back to back on the main port side of the box. B55 

glass sockets equipped with Rotaflow taps, were f i t t e d over the cones 

and the whole could be evacuated to water pump vacuum within minutes. 

The box was also f i t t e d with an e l e c t r i c a l connection v i a a gland 

i n the sidewall terminating i n a 13 amp socket, thus enabling the use 

of a magnetic s t i r r e r or hot pl a t e . F a c i l i t i e s f o r f i l t r a t i o n were 

also provided via a tube passing through the sidewall, which terminated 

i n a three-way tap w i t h i n the box, so that vacuum control could be made 

conveniently. Care was taken to ensure an adequate inflow of nitrogen 

during f i l t r a t i o n operations. 

A l l non welded j o i n t s , such as at the large p l a s t i c window, were 

sealed with s i l i c o s e t silicone rubber, and before commissioning, the 

box was purged with nitrogen f o r at least two weeks, and before use was 

set to recirculate the box atmosphere through the cold traps, which were 

immersed i n dewars of l i q u i d a i r , f o r at least four hours. Liquid a i r 

was used i n t h i s instance because, with the positive nitrogen pressure 

i n the box i t was possible to l i q u i f y the box atmosphere i f l i q u i d 

nitrogen was used. 



37 

To f a c i l i t a t e the handling of fine powders within the box, under 

such dry conditions, a radioactive source was employed. This consisted 

of a 20 cm aluminium rod which had a t h i n s t r i p of t i n plate bolted to 

i t s end. The t i n plate was coated with Americium n i t r a t e (^^10243)• 

The nuclide decays by cx emission and has a half l i f e 7«95 x 10^ years. 

This proved satisfactory i n reducing the e l e c t r o s t a t i c conditions 

inside the box. 

3. Preparation and P u r i f i c a t i o n of Reactants 

(a) The a l k y l halides, CH3X, X = P, CI, Br, I 

Methyl chloride, bromide and iodide were readily available 

reagent grade materials. Methyl fluoride was prepared from dimethyl 

sulphate and potassium f l u o r i d e . 

Methyl iodide was dried over phosphoric oxide and d i s t i l l e d 

i n t o a Rotaflow storage ampoule surrounded by aluminium f o i l to 

prevent photolytic decomposition reactions occurring. 

Methyl bromide was received i n 100 ml ampoules which were 

cooled i n ice water then opened, the contents poured quickly i n t o 

a c h i l l e d f l a s k containing phosphoric oxide, degassed on the vacuum 

l i n e by freezing i n l i q u i d nitrogen, pumping out then allowing the 

contents of the fla s k to melt then refreezing and re-evacuating. 

This procedure was repeated u n t i l , when frozen at 77K, no discharge 

could be obtained with a Tesla spark c o i l . The methyl bromide was 

then d i s t i l l e d into a Rotaflow storage ampoule. 
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Methyl chloride was introduced, from a commercial cylinder, 

i n t o the fra c t i o n a t i o n section of the vacuum l i n e and d i s t i l l e d 

through two baths at -84 (acetone, s o l i d CO2) and condensed at 

77K i n l i q u i d nitrogen. The methyl chloride was stored i n a pre-

evacuated 20 l i t r e bulb on the vacuum l i n e . 

Methyl f l u o r i d e was prepared by the method of Yates (73) 

from dimethyl sulphate and potassium f l u o r i d e according to the 

reaction: 

(CH 3 ) 2 0S0 3 + 2KF = 2CH3P + K2SO4 

I n a t y p i c a l preparation, 25 gm (O.43 mole) of potassium 

f l u o r i d e , previously dried at 120°C f o r twelve hours, was introduced 

into a 250 ml three-necked fl a s k f i t t e d with a condenser, 

thermometer and nitrogen i n l e t . 25 ml (0.26 mole) dimethyl sulphate 

was added and the fla s k purged with nitrogen, the effluent nitrogen 

from the top of the condenser was passed tnrough a trap and thence 

to the atmosphere through a bubbler. 

The contents of the flask were heated to 160°C f o r three hours with 

only a t r i c k l e of nitrogen flowing. As the heating commenced, the 

efflu e n t trap was immersed, slowly, i n l i q u i d a i r contained i n a 

dewar. 

After the heating period the trap was isolated and transferred, 

frozen, to the vacuum l i n e and pumped out. On warming the trap, the 

contents were allowed to d i s t i l l through a bath at -131°C (melting 

n-pentane) into a l i q u i d nitrogen trap. The thus prepared gas was 

checked f o r p u r i t y and stored i n a demountable 2 l i t r e bulb. 



39 

CO 

6 s 1 

CO 
CN 
CD 0 K 

0 ^ 

CO 

T T 
CO 

en 

L 



40 

I n f r a red spectra on a l l the a l k y l halides obtained were checked 

with published spectra. 

(b) Other Al k y l a t i n g Agents 

Methyl perchlorate. CH3CIO4. due to i t s high i n s t a b i l i t y i n 

the pure state, was prepared i n solution, according to the method 

of Hammond (7k)$ by mixing s i l v e r perchlorate and methyl iodide, i n 

carbon tetrachloride solution, but modified to ensure no methyl 

iodide was present i n the resulting solution. 

I n the dry box 2.0 gm (9*65 m mole) AgC104, f i n e l y ground, was 

introduced into a 100 ml two-necked B14 q u i c k f i t f l a s k , and 25 ml 

dry CCI4 added. To t h i s , 0.5 ml (1.14 g, 8.01 m mole) CH3I was 

added, the flask stoppered, covered i n aluminium f o i l and removed 

from the dry box, placed on a fla s k shaker and agitated f o r 24 hours. 

The fla s k was returned to the dry box and a f t e r the, now, yellow 

s o l i d had settled, an aliquot of the solution was investigated by 

i n f r a red spectroscopy and found to show no absorptions due to CH3I. 

The fla s k was then attached to the apparatus shown i n Figure 1 ] , 

consisting of a f i l t e r s t i c k j o i n i n g the reaction flask to a second 

two-necked 100 ml flask equipped with a tap cone connector. 

The complete apparatus was then transferred to the vacuum l i n e 

where the empty flask was p a r t i a l l y evacuated causing the solution 

i n the reaction f l a s k to pass through the f i l t e r , a f t e r win ch the 

whole was returned to the dry box and the f i l t r a t e stoppered m i t s 

fl a s k . The residue was treated, out of the dry box, with d i s t i l l e d 

water and dried i n an oven at 120°C, and weighed y i e l d i n g 1.8845 gfl» 

Agl. 
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NMR of an aliquot of the solution showed only one peak 

atT5»8 from external TMS, m f r a red spectroscopy showed the 

presence of the characteristic perchlorate bands at 14*60 cm-^ 

and i t was concluded that the solution contained 0.9172 g (8.01 m 

mole) CH3CIO4 representing the complete conversion of the methyl 

iodide. 

Methyl fluorosulphate, CH3OSO2P, was prepared from f l u o r o -

sulphuric acid and dimethyl sulphate i n the apparatus shown i n 

Figure 12. 

60 ml ( l mole) fluorosulphuric acid was placed i n a 250 ml 

two-necked round bottomed flask containing some pieces of porous 

pot. A lagged 12 inch column, with side arm, was connected with a 

condenser and receiving f l a s k . 

150 ml ( l . 5 mole) dimethyl sulphate was run into the reaction 

flask and the whole heated to b o i l i n g . The f r a c t i o n b o i l i n g at 92°C 

was collected, treated with anhydrous Na2C03 and d i s t i l l e d on the 

vacuum l i n e into a Rotaflow storage ampoule* 

Dimethyl sulphate was treated with anhydrous sodium carbonate, 

decanted, and used without further p u r i f i c a t i o n . 

(c) Ammonia and the Methyl Amines 

Ammonia, NH3, was introduced from a cylinder into a trap frozen 

i n l i q u i d a i r , containing some small pieces of clean sodium metal. 

The trap was allowed to warm up, producing the characteristic 

blue-gold coloration, and the ammonia d i s t i l l e d i n t o the f r a c t i o n a t i o n 
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section of the vacuum l i n e , through two traps at -8if°C (acetone* 

s o l i d CO2) and f i n a l l y frozen at -196°C i n l i q u i d nitrogen. The 

dry ammonia was then transferred to the cold finger of a previously 

evacuated 20 l i t r e storage bulb, into which i t was allowed to 

expand. 

I n f r a red spectroscopy showed that the material was free from other 

amines or contaminants. 

Methylamine, CH3NH2* was obtained from a Ifrfo w/v aqueous 

solution by d i s t i l l a t i o n from the solution i n t o the fractionation 

section of the vacuum l i n e , the solution being exposed, with care, 

to the pump via two baths at -84°C (acetone, s o l i d CO2) and a trap 

at -196°C. 
The majority of the product collected at -8if°C, along with some 

water and some ammonia. A second d i s t i l l a t i o n through a -8if°C bath, 

collected methylamme and ammonia. The separation of the NH3 from 

CH3NH2 proved to be d i f f i c u l t but some f i v e d i s t i l l a t i o n s through a 

-84°C bath, and frequent monitoring of the i n f r a red spectrum of the 

f i r s t and subsequent v o l a t i l e s at -8if°C, indicated that a f t e r f i v e 

d i s t i l l a t i o n s the residual methylamine at -84°C was ammonia free. 

The amine was stored i n a Rotaflow storage ampoule. 

Anhydrous dimethylamine, (CHs^NH, was obtained i n 500 ml 

ampoules as reagent grade chemical. The ampoule was cooled i n an 

ice/NaCl mixture and opened i n the fume hood, the contents being 

poured b r i s k l y into a cooled flask f i t t e d with a tap cone connector. 

Af t e r degassing on the vacuum l i n e the amine was d i s t i l l e d through 
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a -6if°C bath (melting chloroform) and collected i n a trap, at 

-196°C, i n l i q u i d nitrogen* I n f r a red spectroscopy revealed the 

major contaminant to be tetramethylmethylenediamine, 

((CH3]ILNCH2N(CH3)2), which was retained at -6k°C (Bpt 98°C, 760 mm). 

The p u r i f i e d amine was stored i n a large Rotaflow storage ampoule. 

Trimethylamine, (CHg^N, was obtained as the anhydrous 

reagent grade material i n 500 ml ampoules. The p u r i f i c a t i o n 

procedures f o r t h i s amine were the same as that used f o r 

dimethylamine* and the resultant pure dry amine was stored i n a 

large Rotaflow storage ampoule. Purity was checked by i n f r a red 

spectroscopy on samples of the vapour at various pressures, com­

parisons being made with published data. I n no cases were there 

any absorptions not accountable f o r by the pure amine. 

(d) The Hydrazines 

Hydrazine, N2H4, can be prepared as the anhydrous compound, 

from a hydrazinium sal t and l i q u i d ammonia, requiring f a i r l y large 

volumes of l i q u i d ammonia and some none too simple manipulative 

techniques such as f i l t e r i n g solutions of l i q u i d ammonia i n a dry 

atmosphere. A simpler method was to s t a r t with the hydrate, N2H4»H20 

and dehydrate with calcium hydride, CaH2, i n the dry box. I n a 

ty p i c a l preparation, ca 20 ml hydrazine hydrate was treated with 

excess calcium hydride i n the dry box, i n a two-necked f l a s k . The 

hydrazine hydrate, calcium hydride sl u r r y was then removed from the 

dry box and quickly f i t t e d to a condenser set f o r r e f l u x with a 

nitrogen purge. The purged fl a s k was heated and the mixture allowed 
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to r e f l u x f o r an hour, and then d i s t i l l e d . Final i n f r a red check 

and melting point (l.5°C) showed pure anhydrous hydrazine (hydrate 

melting point i s -40°C). 

The methvl and dimethvl hvdrazines. CHKNHNHO. fCH*^oNNHo. 
— mr \*T fc. » X %J f C. C » 

were obtained as anhydrous reagents, and p u r i f i e d by tr e a t i n g with 

calcium hydride and d i s t i l l i n g on the vacuum l i n e . N,N dimethyl-

hydrazine was d i s t i l l e d four times through a -84°C bath (acetone, 

s o l i d CO2) removing NH3. No evidence of oxidation of the f i n a l 

sample of CH3NHNH2 was found, no methane apparent i n the i n f r a red 

spectrum, methyl hydrazine vapour i s prone to oxidation i n the a i r , 

by a f i r s t order process y i e l d i n g methane and nitrogen ( l O l ) 

These products were stored i n Rotaflow ampoules. 

Trimethylhydrazlne, ( C H 3 ) 2 N N H C H 3 , was prepared from 

N,N dimethylhydrazine following the method of Class (75) &y converting 

N,N dimethylhydrazine in t o N,N dimethylmethyleneimmine and subse­

quently reducing to trimethylhydrazine, according to the reaction 

sequence below. 

(CH3)2NNH2 + CH20 (CH3)2NN = CH2 + H20 

(CH3)2NN = CH2
 L U m L . (CH3)2NNJiCH3 

The method of Class was followed u n t i l the f i n a l stages where the 

free hydrazine was d i s t i l l e d from a caustic soda solution of i t s 

hydrochloride on the vacuum l i n e , c o l l e c t i n g i n a Rotaflow ampoule 

part f i l l e d with calcium hydride. The hydrazine was shaken with 

the drying agent f o r approximately one hour and then d i s t i l l e d into 

a Rotaflow storage ampoule. 
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I n f r a red spectroscopy showed the product to be free of any 

(CHs)2NN = CH2 which can result from oxidation of the hydrazine 

(76). 

(e) The Halogens CIQ , B I J , I 2 

Chlorine was obtained from a cylinder and introduced into 

the fr a c t i o n a t i o n section of the vacuum l i n e through two traps at 

-8if°C (acetone, so l i d COg) and collected at -196°C. I n f r a red 

spectroscopy i n a ga3 c e l l with NaCl plates showed no HC1 at 

pressures up to 500 mm Hg, but some CO2 which was removed by holding 

the chlorine at -8if°C, and carefully pumping. The halogen was 

stored i n two 5 l i t r e storage bulbs on the vacuum l i n e f o r immediate 

use and as a l i q u i d i n a heavy walled pyrex ampoule, and i n a heavy 

walled Rotaflow storage ampoule, i n the r e f r i g e r a t o r . 

Bromine was p u r i f i e d by shaking with anhydrous sodium carbonate, 

decanting and drying over phosphoric oxide and f i n a l l y d i s t i l l i n g 

i nto a Rotaflow storage ampoule. 

Iodine was sublimed, under vacuum, transferred to the dry box 

and bottled i n the dry box. 

The sections of the vacuum l i n e used f o r handling these halogens 

were greased with Kel-F 90, a f u l l y fluorinated grease, to minimise 

absorption and deterioration. After the p u r i f i c a t i o n procedures a l l 

relevant sections were regreased with Apiezon L and M grease. 
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( f ) Other Chemicals 

Boron t r i c h l o r i d e , BCI3, was obtained i n 50 ml ampoules which 

were cooled m ic e / s a l t mixture, opened and transferred to a purged 

fla s k equipped with a tap cone connector and introduced, a f t e r 

degassing, into the fr a c t i o n a t i o n section of the vacuum l i n e , where 

i t was d i s t i l l e d through a trap at -95°C (melting toluene), a trap 

at -116°C (melting d i e t h y l ether), and into a trap at -196°C. The 

compound was l i q u i d at -95°C and so l i d at -ll6°C. HC1, which was 

apparent i n the crude material was removed completely at -ll6°C 

(HC1 vapour pressure i s approximately 100 mm Hg. at t h i s temperature). 

A small quantity of the p u r i f i e d product was condensed into a Rota­

flow storage ampoule, the ampoule sealed, allowed to warm to room 

temperature and the BCI3 swished around the inside. The ampoule was 

then returned to the l i n e and pumped out, and the remaining bulk of 

the BCI3 d i s t i l l e d i n . This procedure was adopted to make sure of 

the dryness of the inner surface of the storage ampoule. 

Sulphur dioxide, SO2, was obtained i n pressurised cans from 

which the l i q u i d was poured onto an excess of phosphoric oxide i n 

a round bottomed flask equipped with a tap cone connector. A f t e r 

degassing the compound was d i s t i l l e d from the phosphoric oxide through 

a -84°C bath (acetone, so l i d 002) and collected at -196°C. I n f r a 

red spectroscopy indicated the p u r i t y of the sample, and i t was 

stored i n a Rotaflow storage ampoule. 
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Antimony pentachloride, SbCl^, and antimony pentafluoride, 

SbF^j were used as obtained, as satisfactory analytical figures 

were found. (SbCly Found %, Sb, 40.51; CI, 58.63; required %, 

Sb, 40.71; CI, 59.29. SbP5> Pound % Sb, 55.72; F, 1*2.31; 

required %, Sb, 56.81; F, 43.83.) 

(g) N-Halamines 

There are many varied methods, i n the l i t e r a t u r e , f o r 

preparing N-halamines. Classically, (CH^^NCl, i s prepared from 

a solution of dimethylammonium chloride and sodium hypochlorite, 

but chloramines have been formed from t-Butyl hypochlorite and an 

amine, and from the cleavage of trimethylsilylamines with chlorine 

gas (77). 

A convenient method of formation of simple a l k y l halamines was 

found to he that of Ruschig (78) where dialkylamines were treated with 

N—-chlorosuccinimide* The succinimide reaction was found to be.-most 

convenient, and provides better yi e l d s than with the use of dimethyl-

ammonium chloride and sodium hypochlorite. 

I n a t y p i c a l preparation of dimethylchloramine, 7 g<n (52.4 m mole) 

N-chlorosuccinimide was placed i n a Rotaflow weight analysis c e l l 

and a f t e r degassing on the vacuum l i n e , 2.2206 gm (49*35 n» mole) 

dimethylamine was condensed i n . The Rotaflow was sealed and placed 

i n a freezer at -23°C f o r 24 hours, a f t e r which time the c e l l was 

returned to the vacuum l i n e and the v o l a t i l e material d i s t i l l e d out. 

I n f r a red spectroscopy showed no strong C-JI vibrations of (CHs^NH 

at approximately 780 cm - 1, and the presence of a weaker absorption 
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at 600 can was noted (N-Cl v i b r a t i o n ) . The t o t a l v o l a t i l e s 

recovered weighed 3*7814 gin representing a conversion of 96.1$. 

Dimethylchloramine was stored on the vacuum l i n e i n one of 

the traps on the fractionation t r a i n , frozen at =196°C, because 

of i t s i n s t a b i l i t y at elevated temperatures. 

The i n f r a red spectrum of (CR^^NCl was recorded i n the vapour 

phase and the spectrum i s shown i n Figure 14* Figure 15 shows 

the i n f r a red spectrum of (CHs^NCl at -196°C i n a low temperature 

c e l l . The bands at 590, 910, 1005, 1160, 1190, 1210 cm"1 correspond 

to the values 592, 912, 1004, 1149* I684, 1209 cm - 1, Heasley V. L. 

quotes f o r the chloramine i n solution (47)* 

Dimethylbromamine, (CH3)2NBr, can be prepared1 u t i l i s i n g s imilar 

techniques to that f o r (CR^^NCl. The most satisfactory method of 

preparation was found i n the reaction of N-bromosuccinimide with 

dimethylamine• 

The bromamine i s much le&s stable than the equivalent chloramine, 

preparations resulting i n the pure material often resulted i n rapid 

decomposition t o , CH4, NH3, (CHs^N, (CH^^NH and B12 as shown i n 

Figure 16, recorded a f t e r a sealed tube of (CHs^NBr turned from the 

characteristic greenish yellow colour to a dark reddish-brown mass. 

I t was found more convenient to prepare the compound i n a solvent, 

thus increasing i t s s t a b i l i t y . 

I n a t y p i c a l preparation of the anhydrous material, 1.9 g 

(10.7 m mole) N-bromosuccinimide was weighed into a 100 ml round 
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bottomed fl a s k equipped with a tap cone connector. The flask was 

placed on the vacuum l i n e and degassed. 0.4*147 g (9.2 m mole) 

(Chs^NH was then condensed onto the bromosuccinimide and the f l a s k 

isolated from the vacuum l i n e and allowed to warm up to -23°C 

(melting CCI4), where over a period of f i f t e e n minutes, the yellow 

colour of the N-bromosuccinimide was observed to fade leaving a 

p a r t i a l l y white residue. At t h i s stage the v o l a t i l e contents of 

the flask were d i s t i l l e d into a calibrated test tube on the vacuum 

l i n e , r e s u l t i n g i n the c o l l e c t i o n of 0.75 ml of a bright greenish-

yellow l i q u i d , which was then d i s t i l l e d over as short a distance as 

possible i n t o a second cold finger containing approximately 0.1 gm 

N-bromosuccinimide where i t was stored frozen at-196°C. 

I n a t y p i c a l solvent based preparation, 1.8 g (10.1 m mole) 

N-bromosuccinimide was ground to a fine powder and placed i n a 100 ml 

beaker to which 40 ml d i s t i l l e d water was added, along with a s t i r r e r 

bar, and the whole gently s t i r r e d to disperse the f i n e p a r t i c l e s of 

N-bromosuccinimide. To t h i s dispersion 1.50 ml of a 26$ w/v aqueous 

solution of dime thy lamine, prepared by condensing 26 gm (CHs^NH into 

100 ml d i s t i l l e d water frozen on the vacuum l i n e and allowing to 

warm to room temperature, was added. The yellow s o l i d gradually 

disappeared leaving a clear f a i n t l y yellow solution. 10 ml CCI4 was 

then added and the whole transferred to a separating funnel, where 

the yellow product extracted i n t o the CCI4 layer was transferred to 

a 100 ml conical f l a s k containing anhydrous MgClg and the contents 

were shaken and then treated with a second quantity of MgClg. The 

HgCl2 was allowed to se t t l e leaving a clear yellow solution. 
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An aliquot of the solution was placed in a UV c e l l and the absorption 

spectrum recorded over the range 200-450 nm, showing two absorptions 

at 262 and 320 nm, which compares with 259 and 320 nm given i n the 

l i t e r a t u r e (47)« 

The i n f r a red spectrum was recorded i n 0.1 mm path l i q u i d c e l l and 

the bands obtained compared with those given by Heasley. 

(Heasley) 1201 1D72 1348 1001 900 525 

(Found) 1205 1175 1145 1000 900 530 

A l l the absorptions were accounted for. 

Figures 17 and 18 show the UV and IR spectra of the compound, 

(h) Solvents 

The majority of solvents or reaction media used were ei t h e r 

over phosphoric oxide or sodium metal. CCI4 and CH2CI2 were refluxed 

over P2O,- for approximately half an hour and then d i s t i l l e d into a 

large f l a s k containing fresh P2O5. 

Chloroform, CHCI3 was washed with sulphuric acid and then water 

and d i s t i l l e d , under nitrogen, from P2O5 onto P20^ and stored under 

nitrogen to prevent oxidation to COClg. I n f r a red spectroscopy did 

not reveal any COCI2 when the solvent was handled i n t h i s manner. 

Diethyl ether and hexane were dried over fine sodium wire, 

whilst freon 11, trichlorofluoromethane, CCI3F, was d i s t i l l e d i n 

vacuo from P20^ into a Rotaflow storage ampoule. 

Ac e t o n i t r i l e , CH3CN, was refluxed with phosphoric oxide for approxi­

mately h a l f an hour, and then d i s t i l l e d into a receiving f l a s k 

containing phosphoric oxide. 



I n a l l cases, dried solvents were kept i n either stoppered 

1 l i t r e round bottomed flasks, or f o r convenience i n vacuum l i n e 

use, i n large Rotaflow storage ampoules* 
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I n t r o d u c t i o n 

The r e a c t i o n s o f c h l o r a m i n e w i t h n i t r o g e n o u s s u b s t r a t e s has been 

m o s t l y c o n f i n e d t o t h e s y n t h e s i s o f h y d r a z i n e s , and t h e r e a c t i o n s i n 

w h i c h h y d r a z i n e s f o r m a r e d e t a i l e d b e l o w , f r o m t h e r e v i e w by Drago ( 7 9 ) • 

NH 2 C1 + 2 N H 3 — ( N H 2 ) 2 + NH4CI 

NHgCl + 2BNH2 — — RNHNH2 + RNH3CI 

NH 2 C1 + 2R2NH —»-R2NNH2 + R2NH2CI 

NH 2 C1 + R 3 N — » - ( R 3 N N H 2 ) + C 1 ~ 

NH 2 C1 + 2NH 3 (aq)—fc- N 2H4 + 2NH4CI 

NH 2 C1 + N H 3 ( a q ) + 0H~—»- N 2H4 + C l ~ + H2O 

NH 2 C1 + RNH 2 ( aq ) + 0 H ~ — R N H N H 2 + C l ~ + IfeO 

NHgCl + ^ N H C a q ) + 0 H ~ — R g N N H 2 + C l ~ + H 2 0 

N H 2 N H 2 has a l s o been f o r m e d f r o m N H 2 B r and KNH 2 i n l i q u i d ammonia ( 8 0 ) . 

The r e a c t i o n between c h l o r a m i n e and ammonia i n l i q u i d ammonia was 

shown by S i s l e r ( 8 l ) t o be pseudo f i r s t o r d e r , w h i l s t i n aqueous s o l u t i o n s 

t h e r e a c t i o n i s f i r s t o r d e r i n b o t h NH 2 C1 and N H 3 f r o m pH 10-11*., and 

f o l l o w s a base i n d e p e n d a n t p a t h ( 8 2 ) . N u c l e o p h i l l i c s u b s t i t u t i o n o f 

c h l o r a m i n e by ammonia i s u sed t o e x p l a i n t h e base i n d e p e n d a n t p a t h w a y , 

and s u b s t i t u t i o n o f a l k y l g r o u p s f o r h y d r o g e n on N H 3 i n c r e a s e s t h e 

r e a c t i o n r a t e c o n s t a n t as w o u l d be e x p e c t e d f o r an Sn2 t y p e o f r e a c t i o n . 

A t h i g h a l k a l i n i t i e s ( u p t o 9M KOH) t h e r e a c t i o n i s base c a t a l y s e d and 

t h e r e a c t i o n i s f o r m u l a t e d a l o n g t h e l i n e s o f a r a p i d p r e - e q u i l i b r i u m 

f o r m a t i o n o f t h e c h l o r a m i d e i o n w h i c h i s s u b s e q u e n t l y a t t a c k e d by ammonia: 

OH" + NH 2 C1 N H C l " + H 2 0 

N H 3 + N H C l " » - N 2H4 + C l " 
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The r e a c t i o n be tween c h l o r a m i n e and a l k y l s u b s t i t u t e d ammonias 

i s b e l i e v e d t o f o l l o w a s i m i l a r pa thway a t pH up t o l l f , and i n d e e d t h e 

r e a c t i o n p r o d u c t f r o m t h e R 3 N , NH 2 C1 i n t e r a c t i o n i s s i m i l a r t o t h a t 

p r o p o s e d f o r t h e i n t e r m e d i a t e i n t h e Sn2 r e a c t i o n o f NH2CI and NH3: 

N H 3 + NH 2 C1 — [ H 3 f i - N H 2 C 1 ~ ] » - N2H4 + C l ~ 

R3N + N H 2 C 1 * - [R 3 I5NH2 C l " ] 

The q u e s t f o r h y d r a z i n e s l e d K l a g e s (99) t o t h e r e a c t i o n be tween 

d i a l k y l c h l o r a m i n e s and c o p p e r bronze> b u t f o u n d t h e r e a c t i o n 

CuBronze 
( C H 3 ) 2 N C 1 X—— ( ( C H 3 ) 2 N ) 2 

d i d n o t y i e l d t e t r a m e t h y l h y d r a z i n e b u t f o r m e d , amongst o t h e r p r o d u c t s * 

t e t r a m e t h y l r a e t h y l e n e d i a r a i n e , ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 and t r i m e t h y l t r i a m i n e : 

CH 3 

/ 
/ \ 

cn6 CH2 

CH 3 

B o t h p r o d u c t s b e i n g i n d i c a t i v e o f d e a l k y l a t i o n o f t h e o h l o r a m i n e . W i t h 

h x g h e r a l k y l amines , r e d u c t i o n t o t h e p a r e n t amine o c c u r r e d : 

CuBronze 
t ( C 4 H 9 ) 2 N C l to-t(C4H9)2NH 

and r e a c t i o n s i n v o l v i n g d i a l k y l a m i n o magnesium h a l i d e s a l s o f a i l e d t o 

y i e l d t e t r a m e t h y l h y d r a z i n e • 

S c h i f f ' s bases however y i e l d u l t i m a t e l y a l k y l h y d r a z i n e s when t h e 

i n i t i a l l y f o r m e d d i a z i r i d i n e i s t r e a t e d w i t h d i l u t e a c i d (83) 



H i 
N 

NH 2 C1 / \ 
C6H13 C H = N ° 4 H 9 — C 6 H 1 3 C H - N C 4 H 9 

H + 

C 6 H 1 3 C H - N C 4 H 9 CgH^CHO + C ^ N H N l f e 

¥ 

H 

and d i a z i r i d i n e s a r e a l s o f o r m e d f r o m t h e i n t e r a c t i o n o f 0C1 w i t h 

a l k y l a m i n e s and f o r m a l d e h y d e i n 2N NaOH (84)* The r e a c t i o n p r o c e e d i n g 

v i a N - c h l o r i n a t i o n o f t h e f o r m a l d e h y d e - amine a d d i t i o n p r o d u c t and 

subsequent d e h y d r o h a l e g o n a t i o n : 

CH 20 + 2RNH2

 Ci*2 

-NHR ^-NHR 
-HC1 

C H 2 + 0C1 — C t i z Ctfe 

-N-R 

-N-R "NHR ^ N C I R 

y i e l d s o f 72$ have been r e p o r t e d f o r R = n - B u t y l (84)* 

W i t h H y d r a z i n e s , c h l o r a m i n e r e a c t s t o f o r m t r i a z a n i u m s a l t s (85) 

R 2 N N H 2 + N H 2 C 1 * - [HJJNNBJJNHJ;] + C 1 ~ 

The t r i a z a n i u m i o n N H 2 N H 2 N H 2

+ was s u g g e s t e d by S i s l e r (8l) t o be t h e 

p r o b a b l e i n t e r m e d i a t e i n t h e d e c o m p o s i t i o n o f h y d r a z i n e by c h l o r a m i n e 

i n l i q u i d ammonia: 

NPfeNtfe + N H 2 C 1 — N H 2 N H 2 N H 2

 + C1~ 

a n d , 

2NH 2NH 2NH 2C1 2NH4C1 + N 2 H4 + N 2 
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y i e l d i n g an o v e r a l l r e a c t i o n : 

N 2 H 4 + 2NH 2C1 — 2 N H 4 C I + N 2 

On c l o s e r i n s p e c t i o n , t h e r e a c t i o n be tween NH2CI and 1 , 1 d i m e t h y l h y d r a z i n e 

was f o u n d t o y i e l d , a l o n g w i t h t h e e x p e c t e d 2 , 2 d i m e t h y l t r i a z a n i u m 

c h l o r i d e , t e t r a m e t h y l - 2 - t e t r a z e n e i ( C H 3 ) 2 N N = N N ( C H 3 ) 2 , ( 8 6 ) . 

S i s l e r ( 8 6 ) f o u n d t h a t t h e p r e s e n c e o f ammonia i n t h e N H 2 C 1 , i n c r e a s e d 

t h e y i e l d o f 2 , 2 d i m e t h y l t r i a z a n i u m c h l o r i d e w h i l s t d e c r e a s e d t h e 

amount o f t e t r a m e t h y l - 2 - t e t r a z e n e , and c o n c l u d e d t h a t t h e mode o f a t t a c k 

o f 1 , 1 d i m e t h y l h y d r a z i n e w i t h c h l o r a m i n e i s u n c e r t a i n , b u t i n v o l v e s 

e i t h e r d i r e c t a t t a c h m e n t on t h e ( C H s ) 2 N - moe ty t o y i e l d d i r e c t l y 

( C H 3 ) 2 N ( N H 2 ) 2 C l ~ , o r a h y d r o g e n a b s t r a c t i o n r e a c t i o n y i e l d i n g e i t h e r 

(CHs) 2 NNH o r (CHs) 2NN<^ g r o u p s as r e a c t i v e i n t e r m e d i a t e s . The p r e s e n c e 

o f NH3 w h i c h was f o u n d t o dec rease t h e y i e l d o f ( ( C H s ) 2 N N ) 2 , was c o n ­

s i d e r e d t o r e f o r m ( C H 3 ) 2 N N H 2 f r o m t h e r a d i c a l s p r o d u c e d f r o m h y d r o g e n 

a b s t r a c t i o n o f t h e h y d r a z i n e : 

N H 2 C 1 

( GH 3 ) 2 N N H 2 ( CH 3 ) 2 NNH 

( C H 3 ) 2 N N H + N H 3 — * - N H 2 + ( C H 3 ) 2 N N H 2 

Thus e f f e c t i v e l y r e m o v i n g h y d r a z i n e r a d i c a l s f r o m t h e sphere o f r e a c t i o n 

and c o n s e q u e n t l y r e d u c i n g t h e e x t e n t t o w h i c h ( ( C H 3 ) 2 N N ) 2 f o r m s a c c o r d i n g 

t o t h e r e a c t i o n : 

2 ( C H 3 ) 2 N N H — ( C H 3 ) 2 N N H N H N ( C H 3 ) 2 

(CH 3 ) 2 NNHNHN(CH3) 2 J ^ 5 i - ( C H 3 ) 2 N N = N N ( C H 3 ) 2 

and 

2( CH 3 ) 2 N N . ' — ( CH 3 ) 2 N N = NN( CH 3 ) 2 



C h l o r a m m a t i o n o f (CH3)2NNHCH 3 and ( C H 3 ) 2 N N = CH2 a r e a l s o r e p o r t e d t o 

y i e l d ( C H 3 ) 2 N ( N H 2 ) 2 C I ( 8 5 ) . 

C h l o r a m m e w i l l r e a c t w i t h h e t e r o c y c l i c bases t o y i e l d t h e 

c o r r e s p o n d i n g h y d r a z i n e i n l o w y i e l d ( 8 7 ) . f o r example f r o m p y r i i o n e : 

and d i a z o compounds have been f o r m e d f r o m ox imes ( 8 8 ) . 

Q Q O 
NOH 

The d i a z o compounds f r o m t h e ox imes o f a c e t o p h e n o n e , benzophenone and 

benza ldehyde were p r e p a r e d i n t h i s way . 

P u r e l y a l i p h a t i c ox imes y i e l d a l i p h a t i c d i a z o compounds as shown 

by t h e 75% y i e l d o f d i a z o m c t h a n e f r o m f o r m a l d e h y d e ox ime and c h l o r a n u n e 

( 8 9 ) , and &assraan (88) c o n s i d e r e d t h a t a sequence o f s t e p s i n i t i a t e d by 

n u c l e o p h i l l i c d i s p l a c e m e n t a t t h e c h l o r a m i n e n i t r o g e n was most l i k e l y : 
OH 

- C I 

H 2 C = NOH + N H 2 C 1 -

OH 

H 2 C = NNH 2 

-H 2 0 
H 2 C = NNH 2 * - H 2 C = N 2 

- H * 

S y m m e t r i c a l Azo compounds can be p r e p a r e d by c o u p l i n g 2 mole 

N , N - d i c h l o r a m m e (90) m m e t h a n o l s o l u t i o n w i t h 50% NaOH a t l o w 

t e m p e r a t u r e . 



and i n g e n e r a l NCRRCN = NCRRCN f o r m s by t h i s m e t h o d , where R and R a r e 

l o w m o l e c u l a r w e i g h t a l k y l g r o u p s ; o r RR i s a c y c l o a l k y l g r o u p as 

shown i n t h e e x a m p l e . 

B o c k (9l) i n v e s t i g a t e d n u c l e o p h i l l i c s u b s t i t u t i o n r e a c t i o n i n 

N - c h l o r a m i n e s w i t h t h e a n i o n s N 3 and SCN , f i n d i n g t h a t w i t h L x N 3 i n 

THF, a z i d o t e t r a h y d r o f u r a n was p r o d u c e d , b u t w i t h NaN3, t h e f i r s t 

d i a l k y l a m i n o a z i d e was p r e p a r e d : 

CH2C02 

( C H 3 ) 2 N C 1 + NaN 3 ( C H 3 ) 2 N N 3 + NaCl (25$ y i e l d ) 

and w i t h N H 4 S C N , a d i a l k y l a m i n o t h i o c y a n a t e was p r o d u c e d : 

CH 3CN 

N H 4 S C N + ( C H 3 ) 2 N C 1 R j T > g h o u * - ( C H 3 ) 2 N S C W + N H 4 C I 

w i t h o t h e r a n i o n s , N h ^ C l r e a c t s w i t h OH t o f o r m h y d r o x y l a m i n e by a 

Sn2 mechanism ( 9 2 ) : 

NH 2 G1 + O H " — N H 2 0 H 

w h i l s t i n s t r o n g l y b a s i c c o n d i t i o n s (93) 

NH 2 C1 + 0 H ~ — N H 3 + O C l " 

W i t h CN , N H 2 C 1 y i e l d s an amino c y a n i d e w h i c h can f u r t h e r r e a c t t o y i e l d 

a d i s u b s t i t u t e d c y a n i d e (94) 

0 ° C 

2 N H 2 C 1 + 2 K C N — » - 2 N H 2 C N + 2 K C 1 

2 N H 2 C N — ^ N H ( C N ) 2 + N H 3 



b u t M a r k w a l d (95) r e p o r t e d KCNO as a p r o d u c t a n d , R a s c h i g (96) r e p o r t e d 

CNC1 as a p r o d u c t * 

A l k o x i d e s y i e l d RONH2 compounds when t r e a t e d w i t h NH 2 C1 i n ROH (97, 98) 

ROH 
RO" + N H 2 C 1 — R 0 N H 2 + C l " 

I n t h i s C h a p t e r t h e r e a c t i o n s o f (CH3)2NC1 w i t h n i t r o g e n bases 

such as t h e m e t h y l s u b s t i t u t e d ammonias and h y d r a z i n e s a r e p r e s e n t e d , 

and t h e r e s u l t s d i s c u s s e d by c o m p a r i n g and c o n t r a s t i n g w i t h t h e c o r r e s ­

p o n d i n g N H 2 C 1 r e a c t i o n s . 
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R e s u l t s and D i s c u s s i o n 

The r e s u l t s o f t h e i n v e s t i g a t i o n s i n t o t h e r e a c t i o n s o f d i m e t h y l 

c h l o r a m i n e w i t h n i t r o g e n o u s s u b s t r a t e s a r e summarised i n T a b l e 2 be low* 

An e q u a t i o n i n d i c a t e s where t h e s t o i c h i o m e t r y has been e s t a b l i s h e d . 

A l l r e a c t a n t s were anhydrous u n l e s s o t h e r w i s e s t a t e d . 

TABLE 2 : REACTIONS OF ( C H Q p N C l WITH SOME AMINES AND HYDRAZINES 

R e a c t a n t 

( C H 3 ) 2 N C 1 

N H 3 

CH 3 NH 2 

( C H 3 ) 2 N H 

( C H 3 ) 3 N 

N 2 H 4 ( C C 1 3 F s o l ) 

C H 3 N H N H 2 ( E t 2 0 s o l ) 

( C H 3 ) 2 N N H 2 

( C H 3 ) 2 N N H 2 ( E t 2 0 s o l ) 

C H 3 N H N ( C H 3 ) 2 

I d e n t i f i e d P r o d u c t s 

( C H 3 ) 2 N H ; ( ( C H 3 ) 2 N ) 2 C H 2 ; ( C H 3 ) 2 N H 2 C I 

( C H 3 ) 2 N C l + 2 N H 3 - » ( C H 3 ) 2 N N H 2 + N H 4 C 1 

2 C H 3 N H 3 + 2 ( C H 3 ) 2 N C 1 - * - ( C H 3 ) 2 N N = C H 2 + ( C H 3 ) 2 N H 2 C 1 + C H 2 N H 3 C I 

C H 4 ; ( ( C H 3 ) 2 N ) 2 CH25(CH3)2NH2 C I 

( C H 3 ) 2 N C l + 2 ( C H 3 ) 3 N - * ( ( C H 3 ) 2 N ) 2 CH 2 + ( C H 3 ) 3 N H C 1 

( C H 3 ) 2 N H ; N 2 ; ( C H 3 ) 2 N H 2 C I ; N 2 H 5 C 1 

( C H 3 ) 2 N C l + ( CH 3 )NHNH 2 -*»CH 4 +N 2 +( C H 3 ) 2 N H + ( CH 3 NHNH 3 C1 

( C H 3 ) 2 N H ; N 2 ; C H 4 ; ( C H 3 ) 2 N N H 3 C I ; ( C H 3 ) 2 N H 2 C I 

( C H 3 ) 2 N H 2 C I ; ( C H 3 ) 2 N N N N ( C H 3 ) 2 

( C H 3 ) 2 N C 1 * C H 3 N H N ( C H 3 ) 2 - » ( C H 3 ) 2 N N = C H 2 - 4 < C H 3 ) 2 N H 2 C 1 

I n any c o n s i d e r a t i o n s o f t h e r e a c t i o n s o f ( C H 3 ) 2 N C 1 , i t s i n h e r e n t 

i n s t a b i l i t y mus t be c o n s i d e r e d , and a l t h o u g h t h e s t o i c h i o m e t r y o f t h e 

d e c o m p o s i t i o n r e a c t i o n was n o t e s t a b l i s h e d , t h e p r o d u c t s i n mos t abundance 

were d ime thy lammonium c h l o r i d e and t e t r a m e t h y l m e t h y l e n e d i a m i n e , however 

a l t h o u g h t h e mass b a l a n c e was s a t i s f a c t o r y i n t h e d e c o m p o s i t i o n s t u d i e d , 

t h e m o l a r q u a n t i t i e s a r e i n p o o r a g r e e m e n t . 

The a m i n e , ( ( C H 3 ) 2 N ) 2 C H 2 i n d i c a t e s t h a t a l k y l a t i o n has o c c u r r e d s i n c e 
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t h e C/N r a t i o o f c h l o r a m i n e t o t h e amine was i n c r e a s e d f r o m 2 : 1 t o 2*5 :1* 

K l a g e s (99) f o u n d t e t r a m e t h y l m e t h y l e n e d i a m i n e i n t h e r e a c t i o n o f d i m e t h y l -

c h l o r a m i n e and c o p p e r b r o n z e , a l s o f i n d i n g t h e c y c l i c t r i m e r o f N - m e t h y l -

m e t h y l e n e i m m i n e ( C H 3 - N = 0 1 2 ) 3 , h u t d i d n o t d i s c u s s t h e f o r m a t i o n o f t h e 

d i a m i n e . 

The f o r m a t i o n o f t h e t r i m e r ( C H 3 - N = QMz)^ o r 1,3*5 t r i m e t h y l 1,3,5 

h e x a h y d r o t r i a z i n e , can be e a s i l y e x p l a i n e d by c o n s i d e r i n g t h e s e l f 

d e h y d r o h a l e g o n a t i o n o f a c h l o r a m i n e m o l e c u l e 

( C H 3 ) 2 N C 1 — * - C H 3 N = CH 2 + HC1 

and t h e r a p i d t r i m e r i s a t i o n o f t h e so f o r m e d i m m i n e . I t i s w e l l known 

t h a t t h i s t r i m e r i s s u s c e p t i b l e t o aqueous a c i d d e c o m p o s i t i o n , y i e l d i n g 

i t s u s u a l s t a r t i n g m a t e r i a l s , f o r m a l d e h y d e and m e t h y l a m i n e , however 

u n d e r a n h y d r o u s c o n d i t i o n s t h e pa thway o f d e c o m p o s i t i o n may be d i f f e r e n t . 

I t c an be e n v i s a g e d t h a t (CH3)2NCH2N(CH3)2 f o r m s f r o m t h e t r i m e r , as 

i n d i c a t e d by t h e e q u a t i o n 

GH 

CH 2 

4H 
CH 3 H2 

H 3 

- CH3NH2 + ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 

b u t such an e q u a t i o n i n d i c a t e s t h a t as much m e t h y l a m i n e i s f o r m e d as 

t e t r a m e t h y l m e t h y l e n e d i a m i n e , and no m e t h y l a m i n e was d e t e c t e d i n t h e 

d e c o m p o s i t i o n o f d i m e t h y l c b l o r a m i n e , and f u r t h e r , i t i s u n l i k e l y t h a t 

t h e t r i m e r w o u l d be r educed i n t h e p r e s e n c e o f d i m e t h y l c h l o r a m i n e w h i c h 

i s an o x i d i s i n g a g e n t . No e v i d e n c e o f l a r g e q u a n t i t i e s o f ( C H 3 - N = C H 2 ) 3 

was f o u n d i n t h e ( C H s ^ N C l d e c o m p o s i t i o n . 
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A n o t h e r sou rce o f ( C H s ^ N C H ^ N ^ C H s ^ w o u l d be t h e r e a c t i o n o f a d i m e t h y l -

c h l o r a m i n e m o l e c u l e w i t h a m o l e c u l e o f t r i m e t h y l a m i n e : 

( C H 3 ) 2 N C 1 + ( C H 3 ) 3 N » - ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 + HC1 

and t h i s r e a c t i o n has been s t u d i e d , as shown i n T a b l e 2 , and f o u n d t o 

y i e l d 100% ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 . 

T r i m e t h y l a m i n e c o u l d f o r m i n a d i s p r o p o r t i o n a t i o n r e a c t i o n o f t h e t y p e 

2 ( C H 3 ) 2 N C 1 » - ( C H 3 ) 3 M + CH 3NCl2 

and a l t h o u g h no e v i d e n c e f o r m e t h y l d i c h l o r a m i n e was f o u n d i n t h e 

d e c o m p o s i t i o n o f ( C H 3 ) 2 N C 1 , ( C H 3 ) 3 N was o b s e r v e d amongst t h e d e c o m p o s i t i o n 

p r o d u c t s o f ( C H 3 ) 2 N B r , however ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 was n o t d e t e c t e d f r o m 

t h e ( C H 3 ) 2 N B r d e c o m p o s i t i o n , w h i c h i s c o n s i s t a n t w i t h ( C H 3 ) 3 N b e i n g 

p r e s e n t , s i n c e a l l t h e ( C H 3 ) 2 N B r had decomposed. 

D i m e t h y l c h l o r a m i n e r e a c t e d w i t h t h e m e t h y l amines and ammonia, on 

t h e whole c l e a n l y , w i t h t h e e x c e p t i o n o f d i m e t h y l a m i n e . 

W i t h ammonia and m e t h y l a m i n e , h y d r a z i n e f o r m a t i o n o c c u r r e d , w h i l e 

w i t h t r i m e t h y l a m i n e C-N bond f o r m a t i o n p r e d o m i n a t e d . S i m p l e n u c l e o p h i l l i c 

a t t a c k by ammonia and m e t h y l a m i n e o n d i m e t h y l c h l o r a m i n e w o u l d a c c o u n t 

f o r N - N bond f o r m a t i o n : 

CH 
R > < C l - ^ N * : N f - H N 

H H CH CH 

R = H,CH3 
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** i-
The p o l a r i s a t i o n o f t h e N - C l bond N - C l a s s i s t i n g C I f o r m a t i o n as t h e 
N-N bond i s e s t a b l i s h e d . Subsequent o x i d a t i o n o f t h e h y d r a z i n e 
(CH 3)2NNHCH3 w i t h f u r t h e r d i m e t h y l c h l o r a m i n e , i n t h e case o f t h e m e t h y l -
amine r e a c t i o n , y i e l d e d t h e p r o d u c t d e t e c t e d , ( C H 3 ) 2 N N = C H 2 . 

I n t h e case o f t r i m e t h y l a m i n e , n u c l e o p h i l l i c a t t a c k by t h e amine 

w o u l d n o t a c c o u n t f o r t h e o b s e r v e d p r o d u c t s , s i n c e by t h i s p r o c e s s t h e 

h y d r a z i n i u m s a l t ( C H 3 ) 3 N N ( C H 3 ) 2 C 1 , w o u l d be e x p e c t e d : 

CL-ANON< 
CH3 

An a l t e r n a t i v e mechanism, w h i c h w o u l d i n d e e d a c c o u n t f o r t h e p r o d u c t s 

o b s e r v e d i n t h e r e a c t i o n s w i t h N H 3 , CH3NH2 and ( C H 3 ) 3 N i n v o l v e s t h e 

c h l o r i n e i n ( C H 3 ) 2 N C 1 a c t i n g as a n u c l e o p h i l e t o w a r d s a p r o t o n on t h e 

amine s u b s t r a t e : 

(CH 3 ) 2 I}I (*R — ~ - ( C H ^ N ^ — ^ (Chy 2 N-R+HCL 

where R = -NH2 m ammonia, -NHCH 3 i n m e t h y l a m i n e and -CH2N(CH 3)2 i n 

t r i m e t h y l a m i n e . 

I t w o u l d seem more l i k e l y t h a t t h e a c t u a l s i t u a t i o n i s a compromise be tween 

t h e s e e x t r e m e s , t h e g r e a t e r b a s i c s t r e n g t h o f m e t h y l a m i n e (pKb 3«36) o v e r 

t h a t o f t r i m e t h y l a m i n e ( 4 » 2 0 ) t e n d i n g t o f o r c e t h e m e t h y l a m i n e r e a c t i o n 

a l o n g t h e N - n u c l e o p h i l e pa thway w h i l s t s t e a r i c r e a s o n s and a h i g h e r pKb 

t e n d t o g u i d e t h e t r i m e t h y l a m i n e r e a c t i o n a l o n g t h e C I n u c l e o p h i l e 

p a t h w a y . I n t h e case o f ammonia, i t w o u l d seem l i k e l y t h a t e i t h e r t h e 

N - n u c l e o p h i l e pa thway i s f a v o u r e d because o f l o w s t e a r i c h i n d e r a n c e o f 
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t h e n i t r o g e n l i n e p a i r , o r t h a t t h e C l - n u c l e o p h i l e p a t h w a y i s f a v o u r e d 

because o f t h e l o w e r b a s i c s t r e n g t h o f ammonia ( i f * 75) o v e r m e t h y l a m i n e * 

I t i s i n t e r e s t i n g t o n o t e t h a t i n t h e case o f m e t h y l a m i n e t h e 

u l t i m a t e p r o d u c t o f t h e r e a c t i o n was a r e s u l t o f t h e o x i d a t i o n o f 

p r e s u m a b l y , t h e i n i t i a l l y f o r m e d t r i m e t h y l h y d r a z i n e , w h i l s t i n t h e case 

o f ammonia t h e d i m e t h y l h y d r a z i n e f o r m e d was n o t a t t a c k e d , a l t h o u g h , as 

d e s c r i b e d l a t e r , d i m e t h y l c h l o r a m i n e does r e a c t w i t h d i m e t h y l h y d r a z i n e * 

T h i s i s p e r h a p s s u g g e s t i v e o f two d i f f e r i n g mechan i sms . 

W i t h d i m e t h y l a m i n e , t h e s i t u a t i o n i s f a r l e s s c l e a r . Amongst t h e 

p r o d u c t s d e t e c t e d was t h e amine t e t r a m e t h y l m e t h y l e n e d i a m i n e . T h i s amine 

was f o u n d i n b o t h ( C H s ^ N C l d e c o m p o s i t i o n and i n t h e ( C h ^ ^ N r e a c t i o n . 

I n t h e case o f ( C h ^ ^ N i t s f o r m a t i o n i s s i m p l y e x p l i c a b l e , b u t w i t h 

(0113)2NH i t i s s u g g e s t i v e o f ( C h ^ ^ N C l d e c o m p o s i t i o n s i n c e no s i m p l e 

mechanism can y i e l d t h i s p r o d u c t . 

The r a t i o o f ( C H s ^ N C l t o ( ( C H 3 ) 2 N ) 2 C H 2 f o u n d i n t h e d e c o m p o s i t i o n 

o f ( C H 3 ) 2 N C 1 d i f f e r s f r o m t h a t f o u n d i n t h e r e a c t i o n o f ( C H 3 ) 2 N H w i t h 

( C H 3 ) 2 N C 1 , w h i c h s u g g e s t s t h a t t h e amine i s n o t m e r e l y a c t i n g as a medium 

f o r t h e c h l o r a m i n e d e c o m p o s i t i o n . 

Methane was f o u n d i n b o t h t h e m e t h y l a m i n e and d i m e t h y l a m i n e r e a c t i o n s , 

b u t n o t w i t h any o t h e r amines s t u d i e d , p e r h a p s t h i s i s r e l a t e d t o t h e 

o r d e r o f m a g n i t u d e g r e a t e r b a s i c s t r e n g t h o f t h e s e two amines o v e r t h a t 

o f ammonia and t r i r a e t h y l a m i n e . 

W i t h t h e h y d r a z i n e s , d i m e t h y l c h l o r a m i n e a c t e d as an o x i d i s i n g a g e n t . 

N 2 H 4 , CH3NHNH2, and (CH 3)2NNHCH3 r e a c t e d s t o i c h i o m e t r i c a l l y y i e l d i n g N 2 



i n the case of N 2H 4, N2 and CH4 with CH 3NHNH 2» and the iinmine, 

(CH 3) 2NN = CH2, with (CH3)2NNHCH3. 

Y/ith N,N dimethylhydrazine, (CH 3) 2NNH 2» t n e reaction products indicate 

that although oxidation had taken place, the reaction was by no means 

straightforward. Products including CH4, N 2» and NH3 were detected as 

was the r e s u l t of oxidative coupling of two hydrazine molecules, 

tetramethyl-2-tetrazane, (CH 3) 2NN = NN(CH 3) 2. 

The hydrazine reactions can be rationalised by considering the 

i n i t i a l step to be the formation of a trizanium structure which then 

breaks down to y i e l d the products found. 

I n the case of hydrazine i t s e l f , the following scheme accounts for the 

observed stoichiometry, and i s i n accord with known (100) hydrazine 

oxidations: 

2(CH3)2NC1 + 2N2H4 — * - 2(CH3)2NNH2NH2
 + C l " 

2( CH 3) 2NNH 2NH 2
+C1~—2( CH3)2NH + 2NHNH + 2HC1 

2NHNH—»-N4H4 

N4H4 — N 2 + N 2H 4 

yielding an o v e r a l l reaction: 

2(CH3)2NC1 + NH2NH2—m> 2( CH3 ) 2NH 2 CI + N 2 

By a si m i l a r process, monomethylhydrazine y i e l d s methane and nitrogen: 

2(CH3)2NC1 + 2CH3NHNH2—^ 2(CH 3) 2nSnH 3
+C1" 

CH3 

2(CH 3) 2NNNH 3
+Cl"—*-2(CH 3) 2NH + 2CH3N2H + 2HC1 

2CH3N2H —h»- CH3NHN = NNHCH3 

CH3NHN = NNHCH3 — » - 2N2 + 2CH4 



o v e r a l l : 

(CH3)2NC1 + CH3NHNH2—CH4 + N 2 + (CH 3) 2NH 2C1 

I n the case of trimethylhydrazine, (CH3)2NNCH3H, the following 

scheme accounts for the immine formations 

CH3 

(CH3)2NC1 + (CH 3) 2NNHCH 3—^ (CH3)2NW^^(CH3)2C1~ 
H 

CH3 

(CH 3) 2N^N(CH 3) 2Cl"—~-(CH 3) 2N-N = CH2 + (CH 3) 2NH + HC1 
H 

and o v e r a l l : 

(CH 3) 2NC1 + CH 3NNHCH 3—(CH 3) 2N-N = CJfe + (CH 3) 2NH 2C1 

I n the case of dimethylhydrazine, (GH3)2NNh2i the product complexity 

i s d i f f i c u l t to explain along the above l i n e s . I t would seem reasonable 

that i n i t i a l triazanium s a l t formation does occur: 

(CH3)2NC1 + (CH 3) 2NNH 2—(CH 3) 2N-NH 2-N(CH 3) 2C1~ 

which can y i e l d the immine: 
+ _ + 

(CH 3) 2NNH 2N(CH 3) 2C1 »-(CH 3) 2N = NH + (CH 3) 2NH + CI 

and t h i s further reacts: 

2(CH 3) 2N = NHCl"—b- (CH 3) 2NN = NN(CH 3) 2 + 2HC1 

which on an ov e r a l l basis would y i e l d : 

2(CH3)2NC1 + 2 (CH 3) 2NNH 2—»-(CH 3) 2NN = NN(CH 3) 2 + 2(CH 3) 2NH 2C1 

The formation of tetramethyl-2-tetrazane, (CH^NN = NN(CH 3) 2 was indeed 

observed} but i n quantities far l e s s than that indicated by the equation. 

The N,N dimethyldiazanium compound (CH 3) 2N = NHCl , from above, could 

rearrange to y i e l d methane and a diazonium s a l t ; 

(CH 3) 2N = N H C l " — C H 4 + CH3N = NCl" 
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which would account for the observed methane, and the subsequent 

decomposition of t h i s diazonium s a l t would lead to nitrogen formation) 

also observed. I n thi3 instance methyl chloride would also be expected 

to form, which was not observed: 

CH3N = N C l"—CH3CI + N 2 

This mode of reaction would tend to reduce the y i e l d of HC1 formed i n 

the i n i t i a l tdazonium decomposition, re s u l t i n g i n the presence of free 

(CH3)2NH, which was also observed. I t i s unclear why (CHs^NNfife should 

react i n a different manner to the other hydrazines with dimethylchloramine* 

Discussion 

A comparison of the reactions of (CHs^NCl and NHjgCl with the 

alkylamines and hydrazines i s shown i n Table 3* 

TABLE 3 

REACTIONS OF (CttQpNCl AND NHgCl WITH SOME AMINES AND HYDRAZINES 

Reactant Products 

( C H OpN C I ( t h i s work) NHpCl ( r e f ) 

NH3 (CH3)2NNH2 N2H4 79 

CH3NH2 (CH 3) 2NN = CH2 CH3NHMH2 79 

(CH 3) 2NH CH4,((CH3)2N)2CH2 (CH 3) 2NNH 2 79 

(CH 3) 3N ((CH 3) 2N)2CH2 (CH3)3NNH2C1 79 

N2H4 N2 N2 81 

CH3NHNH2 CH4,N2 -
(CH 3) 2NNH 2 CH4,N2,((CH3)2N)2N2 (CH3)2N(NH2)2Cl7 

((CH3) 2N) 2N 2 

86 

(CH3)2NN(CH3)H (CH 3) 2NN = CH2 (CH3) 2N(NH 2) 2Cr 8 5 
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From Table 3* i t can be seen that there are several differences 

between the reactions of (Ch^^NCl and NHgCl with amines and hydrazines. 

Most) i f not a l l , NHgCl reactions with ammonia, methyl amines and methyl 

hydrazines, can be rationalised by nucle o p h i l l i c attack of the substrate 

nitrogen lone p a i r on the chloramine nitrogen, since i n a l l the cases 

above N-N bond formation occurs, whilst i n the case of (CH3)2NC1 t h i s 

i s not e n t i r e l y so, c e r t a i n l y with trimethylamine C-N bond formation 

resulted however with ammonia and the hydrazines, a nu c l e o p h i l l i c attack 

mechanism accounts, ultimately, for the products of the reactions. 

I t i s unclear why (CH3)2NH does not react with (CH3)2NC1 i n the 

same way as either NH3 or (CH 3) 3N does, ce r t a i n l y (CH3)2NH i s more basic 

i n water than either trimethylamine or ammonia, as reflected i n the pKb 

value, and i f s t e r i c reasons prohibit close enough approach of the attack­

ing nucleophile to (CH3)2NC1, then C-N bond formation, as i n the case 

of (CH 3) 3N, should occur. 

Oxidations of hydrazines with N-chloro compounds are known, and 

most of the simple a l k y l hydrazines are e a s i l y oxidised. Both CH3NHNH2 

and (CH3)2NNCH3H are oxidisable by a i r , yielding CH4 and N2 and 

(CH 3) 2NN = Clfe respectively (101, 102) and of course hydrazine i t s e l f 

i s oxidised to nitrogen by NJfeCl. 

The reaction between NH2CI and the a l k y l hydrazines show differences 

between corresponding (CH3)2NC1 reactions, e s p e c i a l l y i n the case of 

trimethylhydrazine, (CH3)2NNHCH3, where the triazanium complex was found 

by S i s l e r (85). Indeed S i s l e r found that the oxidation product of 

trimethylhydrazine, (CH3)2NN = CH2 was reduced by NHjjCl to the triazanium 
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complex. 

The oxidation of hydrazine to nitrogen only, by dimethylchloraraine, shows 

that the chloramme i s a two electron oxidant, for example (100): 

Mfl+ + N2H4—»- N 2H 2 + M<fl'i)+ + 2H + 

2N 2H 2—»- N 4H4 

N 2 + N 2H 4 

N4H4 

NH3 + HN3 

and not a one electron oxidant, for example: 

M** + N2H4 —*-M|1l",)+ + N 2H 3 + H + 

2N2H3 — ^ N 4H 6 

N 4 H 6 — N 2 + 2NH3 

Diimmide involvement in the two electron case has been shown i n the 

oxidation of hydrazine by aqueous Mo(VT), as Mo04 at l o ^ pH (100). 

N 2H 5
+ + Mo(Vl) — N 2 H 2 + 3H + + Mo(lV) 

Z^ffe + H +—e» N 2 + N2H^+ 

Mo(Vl) + M o ( l V ) — ^ 2Mo(v) =t= [iJo(V)] 2 

The N 2H 2 was observed mass spectrometrically and also trapped with 

cis-l,2-cyclohexanedicarboxylic acid. 

Methylhydrazine oxidation by the one equivalent oxidant M n ( l l l ) , 

has been studied i n aqueous acid perchlorate media, (100), and the 

reactions: 

2^1n(lll) + 2CH 3NHNH 3
+—CH 3NIfeN = NNIfeCH3 + 2»Mn(ll) + 

2Mn(lIl) + 2(CH 3) 2NNH 3
+—»-(CH 3) 2NHNHNHNH(CH 3) 2 + 2Mn(ll) + 2H + 

2Mn(lIl) + 2(CH 3) 2NNH 2CH 3^(CH 3) 2NHN(CH 3)N(CH 3)NH(CH 3) 2 + 2Mn(ll) + 2H+ 
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which contrasts with the oxidation products found when (CH 3) 2NC1 i s used 

as oxidant. The Mn(lll) reaction with hydrazine shows the one 

equivalent nature: 

2Mn(lIl) + 2 N 2 H 5
+ — N 3 H 5 + NR4 + 2Mn(ll) + H + 

and not 

2Mn(lIl) + N 2 H 5
+ — » - N 2 + 2Mn(ll) + 5H + 

which would be expected i n a two equivalent case. 

Reactions of (CH3)2NC1 with the s i l v e r s a l t s and sodium metal 
6*- £• 

and indicative of l i t t l e N — —CI polarisation, c e r t a i n l y l e s s than i s 

present i n C — C I , which i s supported by the C l NQR re s u l t of 

MHz for (CH 3) 2NC1 at -196°C. Most,if not a l l the reactions i n 
6* g-

t h i s section support the view that the N-Cl bond i s polarised N — C l 

which i s i n accord with the NQR result being l e s s than that of mole­

cula r chlorine. 

Experimental 

1. Decomposition of (CflQpNCl 

5.1094 g (64.27 m mole) (CH 3) 2NC1 was condensed into a Rotaflow 

ampoule and l e f t for approximately two weeks i n a cupboard at room 

temperature. I t was observed that a quantity of off-white s o l i d had 

formed. The Rotaflow was connected to the fractionation section of the 

vacuum l i n e and a l l v o l a t i l e material d i s t i l l e d into a trap at -196°C. 

The Rotaflow was then removed and weighed, yielding 1.5321 g of a 
yellowish white s o l i d . The Rotaflow was taken into the dry box where 

the s o l i d was investigated. The i n f r a red spectrum was recorded and 
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and indicated (CHs^NR^Cl to be the major component, as shown i n 

Figure l9» the accompanying contaminants were not i d e n t i f i e d * 

1.2132 g of the s o l i d material, which analysed as, %, 0, 33.2*8; 

H, 9.06: Ni 18.35'; C l i 39.3; was placed i n a t^o-necked round 

bottomed f l a s k , as shown i n Figure 20, and approximately 5 cm"* d i s t i l l e d 

water added. The small bulb was charged with approximately 5 g KOH 

p e l l e t s and ca r e f u l l y attached to the f l a s k , which, when equipped with 

a tap cone connector, was connected to the fractionation section of 

the vacuum l i n e . 

The KOH p e l l e t s were shaken into the solution and the contents of the 

f l a s k were exposed to the vacuum pump v i a traps at -6Zf°C, -84°C, and 

-196°C, the a i r being pumped away and the v o l a t i l e contents separating 

i n the fractionation t r a i n . The contents of the traps were fractionated 

and found to contain 0.62,23 g (CH 3) 2NH and 0.0113 g (CH 3)2NCH2N(CH 3) 2. 

A trace of NH3 was also observed i n the spectrum of the more v o l a t i l e 

components. 

The o r i g i n a l v o l a t i l e s from the Rotaflow were d i s t i l l e d i n vacuo 

and found to contain 2.7133 g (27.83 m mole) (CH 3) 2NC1 and 0.8639 g 

(8.2)7 m mole) (CHs^NCIfeNtCHs^, and no other products were observed. 

I n the dark, dimethylchloramme decomposed to y i e l d (CH3)2NCH2N(CH3)2 

and (CH 3) 2NH 2C1. The stoichiometry of t h i s decomposition reaction i s 

not c l e a r , however, 30.14 m mole (CH 3) 2NC1 yielded 8.2|7 m mole 

(CH 3) 2NCH 2N(CH 3) 2, and a s o l i d residue of whose a n a l y t i c a l figures 

suggest the empirical formula C^g H^N-jg CI, of which, by i n f r a red 

spectroscopy, (CH 3) 2NH 2C1 i s a major component, and indeed, from the 
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treatment of t h i s s o l i d with KOH, the amount of dimethylamine evolved 

indicates that 95»7$ of the s o l i d i s dimethylammonium chloride, which 

on t h i s basis indicates that 18 m moles of the amine s a l t was formed* 

The deconmosit ion of (CHj^NBr was studied at —84°C by holding 

fres h l y prepared (CHj^NBr i n a Rotaflow i n an acetone, s o l i d CQ2 

slur r y u n t i l the reaction had commenced and then frozen at -196°C. 

The decomposition reaction, which i s violent even at -84°C, proceeds 

within seconds, and subsequent examination of the v o l a t i l e f r a c t i o n of 

the product remaining a f t e r the reaction had taken place, revealed NH3, 

CH4,(CH3)3N and a trace of (CHs^NH. The s o l i d material which was a 

dark i n v o l a t i l e red brown t a r was not investigated. 

2. The Reactions of (CHO9NCI With The Anhydrous Amines Nfo,CfoNHp, 

(CH.QgNH and (CH.O3N 

(a) NH3. 

A 16 mm OD heavy walled pyrex reaction ampoule was attached 

to the vacuum l i n e , into which approximately 6 cm^ (7.9512 g, 

446.78 m mole) NH3 was condensed, followed by 0.3215 g (4>04 m mole) 
(CH 3 ) 2 NC1. The tube was sealed and allowed to warm to room temper­

ature where the contents formed a c l e a r homogeneous solution. The 

ampoule was placed i n a cupboard where, a f t e r three months, no s o l i d 

material had separated. 

The ampoule was f i t t e d to the ampoule breaker, as shown i n 

Figure 8, Chapter 2, and attached to the fractionation section of 

the vacuum l i n e , and frozen at -196°C. The ampoule was c a r e f u l l y 



opened to the manometers and no noticeable depression was recorded 

indicating the absence of any non condensable material. The 

v o l a t i l e material was d i s t i l l e d into the fractionation t r a i n , v i a 

traps at -64°C, -84°C and -196°C, by allowing the ampoule to 

slowly warm to room temperature. 

The bulk of the ammonia collected as a l i q u i d at -84°C, whilst 

some was s o l i d i f i e d at -196°C. Subsequent fractionation at -84°C 

separated a single component, and the ammonia collected at -196°C. 

The id e n t i t y of the component collected at -84°C was found to be 

the hydrazine (CH^NNI^, of which there was 0.2308 g. 

The ampoule was weighed and transferred to the dry box where 

i t was care f u l l y broken open and the white so l i d i s o l a t e d . By 

careful washing and drying, the pieces of ampoule and breaker were 

reweighed and the mass of white s o l i d was found to be 0.2113 g» the 
identit y of which was NH4CI, shown by i n f r a red spectroscopy and 
confirmed by elemental analysis found ($) H, 7«05» N, 26.33; 
CI, 65-94; NH4CI requires (#) H, 7.47; N, 26.16; CI, 66.35. 
The reaction i s summarised i n Table 4* 

TABLE 4: SUMMARY OF REACTION OF ANHYDROUS Nfo WITH (CHO?NCl 

Reactants Products 

NH3, 7.9512 g (466.77 m mole) (CH3)2NNH2, 0.2308 g (3.84 m 
(CH 3) 2NC1, 0.3215 g (4.04 m mole) NH4CI, 0.2113 g (3.95 m mole) 

NH3, 7.8306 g (46O.62 m mole) 
(by difference) 



Hence if.04 m mole (CH3)2NC1 reacted with excess ammonia to y i e l d 

3.84 m mole (CHs^NNlfe, N,N dimethylhydrazine, and 3»95 «n mole 
ammonium chloride, and the reaction can be expressed by the 

equation: 

(CH 3) 2NC1 + 2NH3 —*-(CH 3)2NNH2 + NH4CI 

(b) CH3NH3 

0.2035 g (2.56 m mole) (CH3)2NC1 was condensed into a 16 mm 
heavy walled pyrex reaction ampoule, as shown i n Figure 8, Chapter 2, 

followed by 1.4747 (47*58 m mole) anhydrous methylamine. The ampoule 

was stored at room temperature i n a cupboard. After nine months the 

contents of the ampoule had remained homogeneous. 

The ampoule was f i t t e d to the ampoule breaker i n the manner 

described i n the previous section, and the whole f i t t e d to the 

fractionation section of the vacuum l i n e and the ampoule opened 

whilst frozen at -196°C. The non condensable material f i l l e d a pre-

calibrated volume attached to the fractionation section and a 

pressure of 5 mm Hg was recorded. The i n f r a red spectrum of the non-

condensable material was found to consist of CH4. From the volume 

and pressure measurements, the quantity of the CH4 was estimated at 

0.00112 g (0.07 m mole). 

The ampoule was isolated from the vacuum l i n e and the methane 

pumped away. The ampoule, s t i l l frozen, was again exposed to the 

standard volume and no noticeable change i n pressure was recorded. 

The ampoule was then allowed to warm up, and the v o l a t i l e contents 



d i s t i l l e d through a trap at -8if°C and into a trap at -196°C. As 

the d i s t i l l a t i o n proceeded a white s o l i d was noted i n the ampoule, 

which remained when the ampoule was held at -23°C (melting CCI4). 

The contents of the trap at —19-°- w a s investigated by i n f r a 

red spectroscopy and found to contain NH3 and CH3NH2. The contents 

of t h i s trap were d i s t i l l e d through a trap at - 96°C (melting 

toluene), but the mixture was found not e a s i l y separable. The 

mixture of methylamine and ammonia was then returned to a trap at 

-196°C and r e d i s t i l l e d through a trap at -117°C (melting d i e t h y l 

ether), where methylamine and ammonia was found i n the f i r s t 

v o l a t i l e 3 through the trap, but afte r the d i s t i l l a t i o n was approxi­

mately three quarters complete the residue was found to consist of 

only methylamine» The mixture was then r e d i s t i l l e d into the trap 

at -196°C and the r e l a t i v e amounts of NH3 and CH3NH2 determined by 

i n f r a red spectroscopy. The absorbance of the IO45 cm"1 band i n 

the CH3NH2 spectrum was used at the a n a l y t i c a l peak, and i t s 

extinction coefficient measured by plotting a. graph of absorbance 

against pressure for the amine on i t s own, and i s shown i n Figure 21. 

The pressures were determined by manometer and cathetometer. 

I n order to analyse the mixture, a second standard volume was 

attached to the vacuum l i n e at the fractionation section, and the 

t o t a l amount of mixture was expanded into t h i s volume, which 

included an i n f r a red gas c e l l , i n three aliquots of t o t a l pressure 

approximately 33 mm Hg. The i n f r a red spectrum of each aliquot was 

recorded over the range 1150 cm"1 to 900 cm"1 and the absorbance 

read o f f the spectra. 
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The i n f r a red spectrometer was not adjusted i n any way, except 

for 100% control, during the determination of the ca l i b r a t i o n 

curve and the recording of the unknown spectra. Since the spectra 

are displayed, on t h i s instrument, i n the transmittance mode the 

peaks appear l e s s intense as the base l i n e i s reduced to zero 

transmittance. I n order to correct observed transmittances to true 

transmittances, a correlation factor was determined (103), which 

was accomplished by recording the spectrum of a fixed pressure of 

POP3 at different base l i n e transmittance, t , against the extra­

polated base l i n e value at the peak position, t • The true trans­

mittance T can be obtained from the empirical expression: 

T = 100(t - 2.5) + 2.5 
t 

and the absorbance A determined from the transmittance T. The r e s u l t s 

of t h i s determination are given below: 

Calibration of 1045 cm"1 absorption: 

Pmm 5.18 9.70 16.29 31.19 

A 0.061 0.089 0.152 0.284 

Extinction coefficient of t h i s absorption = 9.89 x 10 mm Hg mm 

Calculated Pressure of CH5NH9 i n Mixtures 

Total pressure, mm Hg 30.90 31.34 34.35 

Calculated CH3NH2 mm Hg 28.32 31.05 34.21 

M moles CH3NH2 3.98 4.33 4.77 

M moles NH3 O.36 0.04 0.02 

giving a t o t a l quantity of 13.08 m moles CH3NH2 (0.4055 g) and the 

amount of NH3, by difference, 0.42 m moles (0.0071 g ) . The remaining 
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CH3NH2 was d i s t i l l e d in to a Rotaflow and weighed, y i e l d i n g O.9036 g, 

thus the t o t a l amount of CH3NH2 recovered from the mixture was 

1*3091 S (42.23 m mole), i nd ica t ing that O.O846 g CH3NH2 had been 

consumed. 

The t rap at -84°C was found to contain a small quanti ty o f a 

f a i r l y i n v o l a t i l e substance, whose molecular weight was found to be 

74*12> determined by expanding the trap contents at a known pressure, 

in to a bulb of known mass and volume and weighing. The compound was 

i d e n t i f i e d as methylenedimethylhydrazine, (CHs^NN = CH2, by comparison 

of i n f r a red spectra wi th an authentic sample of (CHs^NN = CH2 

prepared from (CH3)2NNH2 and- aqueous CH2O so lu t ion , and deta i led under 

par t d , o f this sect ion. 

I t was found tha t there was 0.0903 g of t h i s compound i n the reaction 

product, which corresponds to 1.25 m mole. 

The ampoule was isolated from the vacuum l i n e , weighed, and 

t ransferred to the glove box where i t w a 3 broken open by scoring the 

sidewall and c a r e f u l l y breaking over a piece of polyethylene f i l m to 

c o l l e c t any pieces of broken glass. This precaution was found 

unnecessary, as the ampoule broke cleanly in to two pa r t s . The so l i d 

was scooped out , and the pieces of ampoule and breaker were removed 

from the dry box, c a r e f u l l y washed wi th water and acetone, taking 

extreme care not to dissolve any of the black Piceine wax sealing 

the neck o f the ampoule in to the breaker, and allowed to dry i n a 

vacuum dessicator. Subsequent weighings showed that 0.1892 g so l id 

residue was formed i n the reac t ion . 
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The s o l i d , which analysed as, %» C, 23.41; H, 9*62; N , 18.73; 

C I , 48*14; was treated w i t h KOH i n the apparatus shown i n Figure 20, 

and the resu l t ing v o l a t i l e components examined on the vacuum l i n e . 

I t was found that CH3NH2 and (CHs^NH were both present, accompanied 

by a trace o f NH3. 

The i n f r a red spectrum of the so l i d y/as recorded and found to consist 

of both (CH3)2NH2C1 and CH3NH3CI. The ana ly t i ca l f igures are con-

s is tant w i th an almost 50:50 mixture of (CH3)2NH2C1 and CH3NH3CI. 

I n the reaction between (CH 3) 2NC1 and CH3NH2, O.O846 g, 2.18 m 

mole CH3NH2 reacted w i t h 0.2035 g (CH3)2NC1, to y i e l d 0,0903 g 

(CH 3) 2NN = CH2 and 0.1892 g o f a 50% mixture o f (CH3)2NH2C1 and 

CH3NH3CI. Also formed were a small amount o f CH4 and NH3. These 

resul ts can be summarised by the equation: 

2CH3NH2 + 2 ( C H 3 ) 2 N C 1 — ^ (CH 3) 2NN = CH2 + (CHs^NlfeCl + CH3NH3CI. 

(c) ( C H Q P N H 

1.4242 g (31*59 m mole) dimethylamine was condensed in to a heavy 

walled 16 mm pyrex reaction ampoule, as shown i n Figure 8 , Chapter 2, 

fol lowed by 0.1735 g (2.1814 m mole) (CH3)2NC1. The ampoule was 

sealed and allowed to warm to room temperature, where a homogeneous 

so lu t ion formed. A f t e r approximately s ix months i n a dark cupboard, 

the solut ion had deposited a quanti ty of white c rys t a l s . 

The ampoule was f i t t e d to the ampoule breaker as de ta i led previously, 

attached to the f r a c t i o n a t i o n section o f the vacuum l i n e and frozen 

at 196°C. The ampoule was c a r e f u l l y opened to the manometer and a 
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pressure of 1.34 nun Hg was recorded using a cathetometer. I n f r a 

red spectroscopy showed that the non condensable mater ia l was 

methane, CH4, and subsequent volume ca l ib ra t ion of the per t inent 

section o f the vacuum l i n e revealed that t h i s pressure corresponded 

to 0.0186 m mole CH4. 

The non condensables were pumped away wi th the ampoule i so la ted 

from the vacuum l i n e and again the ampoule was opened to the mano­

meter, where no noticeable change i n pressure occurred. The v o l a t i l e 

contents of the ampoule were then d i s t i l l e d through a t rap at -84°C 

and collected at -196°C. Subsequent r e f rac t iona t ion at -84°C yielded 

O.1489 g ( I . 4 6 m mole)((CHs)2N)2CH2» tetramethylmethylenediamine, 

characterised by i n f r a red spectroscopy and 1.2825 g (28.5 m mole) 

(CH3)2NH, dimethylamine, which collected at -196°C. Further 

f r a c t i o n a t i o n of the (CHs^NH f r a c t i o n revealed no other amines. 

The ampoule and breaker were isolated from the vacuum l i n e , 

weighed and t ransferred to the dry box where a f t e r ca re fu l breaking 

of the ampoule, the so l id residue was removed. With great care the 

pieces of ampoule and breaker were washed w i t h d i s t i l l e d water, 

rinsed i n acetone and dr ied i n a vacuum dessicator, a f t e r which 

weighings showed that 0.l6'30 g o f so l id material had been formed. 

The s o l i d was analysed and found to contain, ($)» C, 29*57; 

H, 11.20; N , 17.18; C I , 44.10; (CH3)2NH2C1 requires, ( # ) , C, 29.31; 

H, 9*81; N , 17*15; C I , 43*40, and i n f r a red spectroscopy confirmed 

that the so l id was (CH 3 ) 2 Nh2Cl. 
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The reaction i s summarised below: 

Reactants Products 

(CH 3) 2NH 1.42^2 g (31-59 m mole) 

(CH 3) 2NC1 0.1735 g (2.18 m mole) 

CH4 0.0007 g (0.019 m mole) 

((CH3)2N)2CH2 0.1489 g (1.46 m mole) 

(CH 3) 2NH 1.2825 g (28.5 m mole) 

(CH 3) 2NH 2C1 0.1630 g (2.0 m mole) 

Tota l mass = 1.5977 g Tota l mass = 1.5957 g 

Thus 0.1417 g (3.15 m mole) (CH 3) 2NH reacted w i t h 0.1735 g 

(2.18 m mole) (CH3)2NC1 to form O.I489 g ( l . 4 6 m mole) ( (CH 3 ) 2 N) 2 CH 2 ; 

0.1630 g (2.0 m mole) (CH 3) 2NH 2C1 and 0.0007 g (0.019 m mole) CH4. 

(d) (CHO^N 

4*4095 g (74«6l m mole (CH 3 ) 3 N, trimethylamme, was condensed 

in to a previously weighted TF6/24 Hotaflow weight analysis c e l l as 

shown i n Figure , Chapter 2, fol lowed by 1.1748 g (14*77 m mole) 

(CH 3) 2NC1. The Rotaflow tap was closed, and the weight analysis 

c e l l allowed to warm to room temperature, where a homogeneous 

solu t ion formed. The reaction was allowed to proceed i n a cupboard 

f o r approximately eight months, a f t e r which time the so lu t ion had 

deposited a white c ry s t a l l i ne s o l i d . 

The Rotaflow was attached to the f r ac t i ona t i on section o f the 

vacuum l i n e frozen at -196°C. and opened to the manometers where 

no change i n pressure was recorded. The v o l a t i l e contents were 

then d i s t i l l e d through a tap at -84°C and col lected at -196°C, by 

al lowing the Rotaflow to warm slowly to room temperature. The 



d i s t i l l a t i o n was continued u n t i l no f u r t h e r mass change was found 

on successive weighings of the Rotaflow weight analysis c e l l . The 

v o l a t i l e components were f rac t ionated and found to contain only 

two substances, (CH 3 ) 3 N, i so la ted at -196°C, and ( (CH 3 ) 2 N ) 2 Ch2, 

tetramethylmethylenediamine, i sola ted at -84°C, both i d e n t i f i e d by 

i n f r a red spectroscopy. 

From these f r ac t iona t ions , 1.4724 g tetramethylmethylenediamine was 

recovered. 

The so l id mater ia l i n the Rotaflow weight analysis c e l l , o f 

which there was 1.4113 gi was t ransferred to the dry box and 

found to be (CH 3) 3NHC1, trimethylammonium chlor ide , by i n f r a red 

spectroscopy. The C, H, N , and CI microanalysis confirmed the 

i d e n t i t y of the s o l i d , the ana ly t i ca l f igures found being, ( $ ) , 

C, 37.60; H, 9.81; N , 15.24; C I , 37»31» and (cHg^NHCl requires, 

(#)» C, 37.68; H, 10.55; N , 14.66; C I , 37.10. 

The reaction i s summarised below: 

Reactants Products 

(CH 3 ) 3 N, 4.4095 g (74.61 m mole) ((CH 3)2N) 2CH2, 1.4724 g (14-41 m mole) 

(CH 3 ) 2 NC1, 1.1748 g (14.77 m mole) (CH 3) 3NHC1, 1.4724 g (14-77 m mole) 

(CH 3 ) 3 N (by d i f f e r e n c e ) , 
2.7006 g (45.77 m mole) 

Hence 1.7089 g (28.96 m mole) (CH 3 ) 3 N reacted wi th 1.1748 g 

(14.77 m mole) (CH 3) 2NC1 to form 1.4724 g (14.41 m mole) ((CH3)2N)2CH2 

and 1.4724 (14.77 m mole) (CH 3) 3NHC1, and the react ion can be 

represented by the equation: 

2(CH 3) 3N + (CH 3) 2NC1 = (CH3)2NCH2N(CH3)2 + (CH 3) 3NHC1 
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3. The Reactions of (CHQpNCl With The Hydrazines N 9 H A , CHuNHNHg» 

(CHO9NNH9 and (CHQgNNHCH*: 

(a) N9H4, 

0.4094 g (5*15 m mole (CH3)2NC1 was condensed in to a 16 mm 

heavy walled pyrex reaction ampoule, followed by 1.7942 g (55*98 m 

mole) anhydrous hydrazine, N2H4. 8.1195 g Freon 11, (CCI3F) was 

then added by d i s t i l l a t i o n , to act as a moderator f o r the react ion, 

and the tube sealed. A f t e r the ampoule had warmed up to room 

temperature, bubbles were observed i n the so lu t ion , and the react ion, 

was allowed to continue at room temperature behind a br ick screen 

as a safety precaution. A f t e r two weeks the ampoule was f i t t e d to 

the ampoule breaker and frozen at -196°C when attached to the 

f r a c t i o n a t i o n section of the vacuum l i n e . A standard volume was 

also attached at t h i s point on the vacuum l i n e , and w i t h the ampoule 

f rozen, the neck c a r e f u l l y broken o f f and the contents exposed to 

the standard volume and manometer, v/here a pressure o f 18.24 mm Hg 

was recorded using a cathetometer. 

The i n f r a red spectrum of the non condensables showed no absorptions 

i n the region 4,000 cm-1 to 250 cm"1 , and i t was concluded tha t the 

gas was n i t rogen . A pressure o f 18.24 mm Hg. i n the t o t a l volume 

2.5569 l i t r e , indicated 2.55 m moles o f N2 to be present. 

The non condensables were pumped away and the remaining v o l a t i l e s 

d i s t i l l e d in to the f r a c t i o n a t i o n section v i a traps at -23°C, -84°C 

and -196°C. As the l i q u i d l e v e l i n the ampoule decreased, a white 

so l i d was deposited, and towards the end o f the d i s t i l l a t i o n the 

ampoule was l e f t f o r 24 hours exposed to a t rap at -196°C, i n order 
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to remove the l a s t traces of N2H4 from the s o l i d . 

The contents of t h i s trap were d i s t i l l e d through -23°C and 

-84°C combining the most v o l a t i l e f r a c t i o n wi th that obtained i n 

the i n i t i a l d i s t i l l a t i o n . The least v o l a t i l e f r a c t i o n was found 

to contain only N2H4, i d e n t i f i e d by i n f r a red spectroscopy, o f 

which there was I.5614 (48.72 m mole). 

The most v o l a t i l e f r a c t i o n contained only CCI3F and (CH3)2NH 

i d e n t i f i e d again by i n f r a red spectroscopy, and t h i s mixture was 

found to be inseparable. The mixture was weighed and the amount 

o f (CHs)2NH estimated, assuming CCI3F to be i n e r t , y i e l d i n g 

0,2114 g (4.69 m mole) (CH 3 ) 2 NH. 

The ampoule was t ransferred to the dry box and the so l id 

mater ia l i so la ted . I n f r a red spectroscopy showed the so l id to be 

a mixture, predominantly N 2H^C1, but absorptions due to 

(i;H3) 2NH 2Cl were also present. The elemental analysis confirmed 

the presence of carbon i n the sample, found ( $ ) , C, 0 .92; H, 9*70; 

N, 44*52; C I , 44.86, and the melt ing range was found to be 85-93°C, 

(CH 3 ) 2 Nn2Cl, mpt 170°C; N ^ C l , 89°C 

The reaction i s summarised below. 

Reactants Products 

N 2H4, 1.7942 g (55.98 m mole) N 2 , 0.0714 g (2.55 m mole) 

(CH 3) 2NC1, 0.4094 g (5.15 m mole) (CH 3) 2NH, 0.2114 g (4-70 m mole) 

N 2H4, 1.5612 g (48.79 m mole) 

Residue O.3566 g (By d i f fe rence) 



Thus i n t h i s reaction 0.2330 g (7*28 m mole ) N2H4 have been 

consumed by 5«15 m mole (CH3)2NC1, producing 2.55 m mole N 2 . 

Nov/ f o r t h i s amount of dimethyl chloramine and ni t rogen, the reaction 

2 (CH 3 ) 2 NC1 + N 2 H 4 = 2 (CH 3 ) 2 NH2C1 + N 2 

requires a chloramine to nitrogen molar r a t i o of 2:1, which compares 

wi th the 2.02:1 r a t i o found. The react ion also requires 0.0824 

N2H4 f o r 0.4094 g ( C H 3 ) 2 N C 1 . 

A second reaction that presumably takes place, since (CH 3) 2NH was 

found as a product, i s : 

(CH 3 ) 2 NH 2 C1 + N 2 H 4 —*-(CH 3 ) 2 NH + ^ H ^ C l 

and adding t h i s to theequation above, the ove ra l l reaction i s : 

2 (CH 3 ) 2 NC1 + 3N2H4 — 2 N 2 H 5 C 1 + 2(CH3)2NH + N 2 

The f igures obtained indicate that the second of these reactions 

has not gone to completion, and thus the reaction i s best represented 

as 

( C H 3 ) 2 N C 1 * ( l + X)N 2 H 4 = (2 - X ) ( C I I 3 ) 2 M H 2 C 1 + X(CH )2NH + XN2H CI + I 
3 O 

and t h i s equation and the f igures obtained f o r (CH 3) 2NH production 

and (CH 3 )2NC1 consumption, allow X to be evaluated, since 0.4094 g 

( C H 3 ) 2 N C 1 w i l l y i e l d 0.1159X g (CH 3) 2NH, and since 0.2144 g (CH 3) 2NH 

was found, X becomes 1.85* 

By a s imi l a r means, a value of 1.83 f o r X i s obtained from the con­

sumption o f N2H4 and ( C H 3 ) 2 N C 1 . 

Thus the f i n a l equation representing the react ion between N2H4 and 

( C H 3 ) 2 N C 1 i s : 
2 ' C H 3 ) 2 N C 1 + 2.84N2H4 = 0.16(CH 3 ) 2 NH 2 C1 + 1.84(CH3)2NH + I.84N2H CI + 
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(b) CH3NHNH3 

7.4298 g (approximately 10 cm"*) sodium dried d i e t h y l ether, 

( C 2 H , - ) 2 0 » was introduced in to a TP6/24 Rotaflow weight analysis 

c e l l and degassed on the vacuum l i n e and reweighed. To the frozen 

ether i n the Rotaflow, O.4O65 g (5.11 m mole) (CHs^NCl was added 

by condensation, and the whole allowed to warm up u n t i l a homogeneous 

solu t ion had formed. 

On refreezing at -196°C, O.9078 g (19.68 m mole) methylhydrazine, 

CH3NHNH2 , was added, and the Rotaflow i so la ted from the vacuum l i n e 

and allowed to slowly warm to room temperature. 

Small bubbles were observed i n the homogeneous solut ion soon a f t e r 

room temperature had been at ta ined, and a small quanti ty of white 

s o l i d had p rec ip i t a t ed . A f t e r two days at room temperature, behind 

a br ick screen f o r safety, no f u r t h e r bubbles were observed, and 

the Rotaflow was t ransferred to the vacuum l i n e and frozen at -196°C. 

The Rotaflow was c a r e f u l l y opened to the manometers and a pressure 

of 36.92 mm Hg wa3 recorded, which by i n f r a red spectroscopy, was 

found to contain methane, C H 4 , but the spectrum was not as intense 

as expected from such a pressure, and since no other absorptions 

could be found i n the i n f r a red spectrum i t was concluded that the 

non condensable gas was a mixture o f CH4 and either N2 o r H 2 . 

The Rotaflow was isola ted from the vacuum l i n e and the non 

condensable gases pumped away. Subsequent opening to the manometer 

revealed f u r t h e r quanti t ies of non condensable gas, and i t was 
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concluded that there was a saturated vapour of CH4 present (CH4, 

vapour pressure at -196°C i s 10 mm Hg). 

The Rotaflow was held at -196°C and a l l non condensables were 

pumped away u n t i l a constant mass remained, r e su l t ing i n a mass 

loss of 0.2281 g. 

The Rotaflow was then allowed to warm to room temperature as 

the contents d i s t i l l e d through a trap at -84°C and -196°C. I n f r a 

red spectroscopy showed that (C2H,-)20 and (CH3)2NH col lected at 

-196°C, and CH3NHNH2 at -82t-°C. 0,4314 g CH3NHNH2 was recovered, 

and the mass of the more v o l a t i l e components was 7*4298 g. The 

Rotaflow and contents were t ransferred to the dry box, where 

0.4262 g of a white s o l i d was i so la ted , which was i d e n t i f i e d as 

CH3NHNH3C1, by i n f r a red spectroscopy and elemental analysis . 

Found, ( # ) , C14.82; H, 8 .82; N , 33.64; C I , 42.91. CH3NHNH3C1 

requires, ( # ) , C, 14.55; H, 8.55; N , 33*94; C I , 42.96. 

The equation: 

(CH 3) 2NC1 + 2CH3NHNH2 = CH3NHNH3C1 + CH4 + N 2 + (CH 3) 2NH 

requires, at -196°C, a t o t a l mass loss of 0.2252 g, calculated 

from the s t a r t i ng amount of (CH 3) 2NC1, and since the mass loss a f t e r 

pumping at -196°C was found to be 0.2281 g, i t was concluded that 

the non condensable gases were CH4 and N 2 . 

From the mass of CH3NHNH2 recovered, 0.4764 g (IO .36 m mole) 

had reacted wi th O.4065 g (5*11 m mole) (CH3)2NC1. Assuming the 

d i e t h y l ether had not entered the react ion, and indeed no evidence 

was found f o r chlorinated hydrocarbons or other C-0 or C=0 compounds 

then from the t o t a l mass of the (C2HJ2O, (CH3)2NH mixture, 0.2305 g 
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(5*12 m mole) (CH 3) 2NH was recovered from the reac t ion . 

The reaction i s summarised below. 

Reactants Products 

( C H 3 ) 2 N C 1 , 0.4065 g (5 .11 m mole) CH4 + N 2 

CH3NHNH2, 0,9078 g (19.68 m mole) (CH 3) 2NH. 0,2305 g (5-12 m mole) 

CH3NHNH2, 0.4314 g (9.36 m mole) 

CH3NHNH3C1, 0.4262 g (5.17 m mole) 

Thus 5.11 m mole ( C H 3 ) 2 N C 1 has reacted w i t h 10.36 m mole (CH3)NHNH2 

to y i e l d CH4 and N 2 , 5.12 m mole (CH 3) 2NH and 5.17 m mole CH3NHNH3C1 

which i s consistant w i t h the equation: 

( C H 3 ) 2 N C 1 + NCI + 2 C H 3 N H N H 2 — C H 4 + N 2 + (CH 3) 2NH + CH3NHNH3C1 

(c ) (CH.QgNNhp 

0.7191 g (9.05 m mole) ( C H 3 ) 2 N C 1 was condensed in to a heavy 

walled 16 mm pyrex reaction ampoule, followed by 2.8487 g (47*48 m 

mole) anhydrous (CH 3) 2NNH 2 , and the ampoule sealed. As the ampoule 

warmed to room temperature f i n e bubbles were observed, and a f t e r 

24 hours at -23°C i n a f reezer , f i n e white needles had p rec ip i t a t ed . 

The ampoule was l e f t f o r approximately one week, a f t e r which time 

the supernatent so lu t ion had a d i s t i n c t yel lowish t i n g e . 

The ampoule was f i t t e d to the ampoule breaker and frozen at 

-196°C, a f t e r which the ampoule was c a r e f u l l opened to the manometers 

and approximately 18*5 nun of non condensable gas was observed. I n f r a 

red spectroscopy showed th i s to be CH4 along wi th another non 

condensable substance, probably e i the r N 2 or H 2 • 

The non condensables were pumped away and the remaining v o l a t i l e 

mater ia l d i s t i l l e d through a t rap at -84°C and collected at -196°C. 
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The residue i n the ampoule had a yel lowish colour, and the ampoule 

was i so la ted , removed from the vacuum l i n e and weighed, and from 

the mass of materials put in to the ampoule, 0.8392 g o f so l i d 

residue was recovered. 

The v o l a t i l e s were f rac t iona ted to separate 1.9726 g (CH 3 ) 2 NNH2 

by passing through traps at -64°C and -78°C u n t i l , a f t e r fou r such 

d i s t i l l a t i o n s , no trace of the more v o l a t i l e (CH 3 )2NH or NH3 could 

be found by i n f r a red spectroscopy. 

The ampoule was taken i n to the dry box and opened where the so l i d 

residue was found coated wi th an i n v o l a t i l e yel lowish o i l . The 

i n f r a red spectrum revealed absorptions due to (CH 3 )2NH2C1 and 

( C H 3 ) 2 N N H 3 C 1 , amongst other un iden t i f i ab l e peaks. Thus i n t h i s 

react ion, 0.7191 g ( C H 3 ) 2 N C 1 had reacted w i t h 0.876lg (CH 3 )2NNH 2 , 

to y i e l d 0.8392 g of so l id residue composed o f , i n pa r t , 

(CH 3 ) 2 NH 2 C1 and (CH 3 ) 2 NNH 3 C1. O.756O g of a mixture of NH 3,(CH 3) 2NH 

and nan condensable CH4 and N 2 or H 2 accounted f o r the most v o l a t i l e 

ma te r i a l . 

The experiment was repeated, and i n t h i s instance, 2.0871 g 

(34.78 m mole) (CH 3) 2NNH 2 was condensed in to a Rotaflow weight 

analysis c e l l , fol lowed by O.353 g (4«45 m mole) ( C H 3 ) 2 N C 1 . The 

Rotaflow was i so la ted from the vacuum l i n e , and, s t i l l f rozen, 

t ransferred to the f r a c t i o n a t i o n section and a f f i x e d to part of the 

vacuum l i n e which had a previously cal ibrated standard demountable, 

volume attached. This section of the vacuum l i n e i s shown 

diagrammatically i n Figure 22* 

When the Rotaflow was attached to t h i s section of the vacuum 

l i n e , the j o i n t s were pumped down to black vacuum and the section 
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sealed from the rest of the l i n e by means of tap T-| (Figure 22). 

The Rotaflow was isola ted from the vacuum section be means o f 

tap T f , and the Rotaflow ampoule allowed to warm to room temper­

ature. Bubbles started to form whi l s t par t of the contents were 

s t i l l f rozen, and began to effervesce vigorously shor t ly a f t e r . 

The Rotaflow was quickly cooled at t h i s po in t , and i t was noticed 

tha t the l i q u i d had taken on a yellow colour. A f t e r approximately 

ten minutes at -196°C the Rotaflow was opened to the standard 

volume and manometer by means of tap Tp-, and a pressure of 21.99 mm 

Hg was recorded. The procedure was repeated three times, and no 

change i n manometer reading was obtained. 

The i n f r a red spectrum of the non condensable gas revealed 

that methane was present, and since the t o t a l pretsure was i n 

excess o f the saturated vapour pressure of CH4 at -196°C, i t was 

concluded that other non condensable materials were present. 

The amount o f CH4 present i n the mixture was estimated by 

observing the re la t ionship between the pressure and the i n f r a red 

absorbance of the C-H v ib r a t i on at approximately J010 cm . I n 

order to accomplish t h i s , natural gas, which contains 94$ C H 4 , 

(104), was passed through two traps at -196°C, wh i l s t both traps 

were open to the vacuum pump. The mater ia l that col lected i n the 

second trap was found to contain only CH4 by i n f r a red spectroscopy, 

other alkanes and t h i o l s being i so la ted i n the f i r s t t r ap . The 

i n f r a red spectra of al iquots of C H 4 , at known pressures, were 

recorded and a graph p lo t t ed of absorbance against pressure f o r t h i s 
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v i b r a t i o n , and i s shown i n Figure 23. The absorbances were 

were corrected f o r base l i n e e r ror of the instrument i n the 

manner described i n the section dealing wi th CH3NH2 reactions 

(sect ion l b ) . 

The values of absorbance and pressure found are given below* 

Absorbance: 0.045 0.053 0.067 O.O84 0.106 

Pressure (mm Hg): 1.90 3.05 4.17 6.67 7.90 

and from the graph i t can be seen that t h i s absorption does not 

obey the Beer-Lambert r e l a t i o n at these pressures, but over the 

pressure range 2-8 mm Hg CH4 the r e l a t i o n i s l i n e a r . 

From the spectrum o f the non condensable mixture, the 

absorbance of the CH4 v i b r a t i o n at 3010 cm 1 was found to be 

O.O916, which from the ca l i b r a t i on graph, corresponds to a p a r t i a l 

pressure of 6.95 mm Hg. Thus from the t o t a l pressure of 21.99 mm Hg, 

15.04 mm Hg corresponds to the other non condensable mate r i a l . 

6.95 mm Hg of CH4 i n the t o t a l volume of 2.5569 l i t r e corresponds 

to 0.995 m mole, and 15*04 mm Hg of the other non condensable 

corresponds to 2.06 m mole. 

The Rotaflow was frozen at -196°C and a l l non condensables 

pumped away, i sola ted at Tp (Figure 22), removed from the vacuum 

l i n e and allowed to warm to room temperature behind a b r i ck screen. 

The solu t ion was d i s t i n c t l y yellow i n colour. The Rotaflow was 

reweighed and a mass loss of 0*0756 g found. A f t e r two days at 

room temperature the Rotaflow was again returned to the vacuum l i n e 

and attached to the standard volume system shown i n Figure 22, w i th 
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the excep t ion o f the l a r g e volume S. The Rota f low was f r o z e n a t 

-196°C and opened to the manometers, where 12*18 mm Hg o f non 

condensables were o b t a i n e d . By a s i m i l a r process t h i s q u a n t i t y 

o f gas corresponded to O.O36 m mole CH4 and 0.077 01 mole o f o t h e r 

non condensables. 

The e n t i r e process was repeated a t h i r d t ime but no f u r t h e r non 

condensables were f o u n d . 

From the mass l o s s f i g u r e , an approximate molecu la r weight o f 

the non condensable gases was ob ta ined , s ince 0.0756 g o f gas 

occupied a volume o f 2.55^9 l i t r e a t a t o t a l pressure o f 21.99 mm Hg. 

The r e s u l t i n g molecu la r weight o f 25*07 i n d i c a t e d t h a t the mix tu re 

conta ins o n l y Ng and CH4 s ince the molecu la r weight o f a 2.16:1 

molar r a t i o o f N 4 and CH4 i s 24*2. 

The Rota f low was then a l lowed t o warm t o room temperature and 

the v o l a t i l e m a t e r i a l s d i s t i l l e d i n t o the vacuum l i n e where again 

NH3 and (CH3)2NH were observed i n the most v o l a t i l e f r a c t i o n . 

I n a t h i r d experiment a so lven t was used as a moderator f o r 

the v igo rous r e a c t i o n . 

A 150 ml round bottomed f l a s k c o n t a i n i n g approximate ly 25 cm^ d r y 

d i e t h y l e the r and a t e f l o n s t i r r e r bar , was degassed on the vacuum 

l i n e and 2.0154 g (CH3)2NNH2 added by condensat ion. The f l a s k was 

i s o l a t e d f rom the vacuum l i n e and the contents a l lowed t o warm up 

and m i x . A f t e r r e f r e e z i n g a t -196°C, 1.7159 g (21.58 m mole) 

(CHs)2NCl was in t roduced and the f l a s k i s o l a t e d f rom the vacuum l i n e , 

p laced on a magnetic s t i r r e r , and a l lowed t o warm t o room temperature 

w i t h s t i r r i n g . 
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A f t e r twelve hours a good dea l o f w h i t e s o l i d had formed and 

t h i s was separated i n the d r y box u s i n g a f i l t e r s t i c k and a t w o -

necked 150 ml round bottomed f l a s k . The now clears but y e l l o w , 

s o l u t i o n was re tu rned to the s t i r r e r and a g i t a t e d f o r a f u r t h e r 

2k hours when more s o l i d had appeared. The s o l i d was again 

c o l l e c t e d i n the d r y box and the s o l u t i o n re tu rned t o the s t i r r e r 

f o r a f u r t h e r two days, a f t e r which t ime i t was comple te ly c l e a r 

but y e l l o w i n c o l o u r . A t o t a l o f 1.542? g o f s o l i d was i s o l a t e d , 

which was i d e n t i f i e d as a m ix tu r e o f (CHs^NlfeCl and (CH 3)2NNH 3C1, 

by i n f r a red spectroscopy, w i t h ( C H s ^ N f ^ C l being the most p r e ­

dominant component. 

The y e l l o w s o l u t i o n was poured i n t o a 25 ml q u i c k f i t t h r e e -

necked semi-micro pear shaped f l a s k and the d i e t h y l e t he r was 

d i s t i l l e d o f f c o n v e n t i o n a l l y a t atmospheric pressure , the temperature 

remaining between 35 and 38°C. As the temperature o f d i s t i l l a t i o n 

s t a r t e d t o r i s e above AO°C, the h e a t i n g was stopped and the res idue 

i n the d i s t i l l a t i o n f l a s k , o f which the re was approximate ly 2 m l , 

was t r a n s f e r r e d t o the vacuum l i n e and a l l the remaining d i e t h y l 

e t h e r d i s t i l l e d o f f a t room tempera ture , l e a v i n g a smal l q u a n t i t y 

o f a y e l l o w o i l y i n v o l a t i l e l i q u i d , o f which there was O.OI85 g . 

A q u a n t i t y was d i s t i l l e d i n t o the c o l d f i n g e r o f the i n f r a red c e l l , 

by gen t l e warming, and the i n f r a red spectrum showed the substance 

to be t e t r a rae thy l -2 - t e t r azene , (CH3)2NN=NN( 0113)2, which was 

conf i rmed by the p r e p a r a t i o n o f an a u t h e n t i c sample by the o x i d a t i o n 

o f (CH3)2NNH2 w i t h HgO (105), and the comparison o f the two spec t r a . 
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The r e s u l t s f rom these experiments i n d i c a t e t ha t (CH 3 ) 2 NC1 

reac ts v i g o r o u s l y w i t h (CH3)2NNH2 t o y i e l d CH4, N 2 , N H 3 , (CH3)2NH 

and (CH3)2NN=NN( 013)2> and the i n d i c a t e d s t o l c h i o m e t r y i s t ha t 

2 moles o f (CH3)2NC1 r eac t w i t h 3 moles (CH3)2NNJfe. The r a t i o o f 

n i t r o g e n t o methane i s approximate ly 2:1 and the halogen i s present 

i n the products as the l a l i d e i o n . Te t ramethyl -2 - te t razene i s 

formed m very smal l q u a n t i t i e s . 

( d ) (CHQpNNHCfe 

T r i m e t h y l h y d r a z i n e , I . I36 g (15*33 m mole) was condensed i n t o 

a 16 mm heavy w a l l e d pyrex r e a c t i o n ampoule f o l l o w e d by d i m e t h y l -

chloramine, 0*3279 g ( i f 12 m m o l e ) . The ampoule was sealed and 

removed f rom the vacuum l i n e t o warm to room temperature behind a 

b r i c k screen. A f t e r approximate ly 20 minutes a t room temperature 

a whi te s o l i d had formed over the surface o f the ampoule i n contac t 

w i t h the o r i g i n a l l y homogeneous s o l u t i o n . 

A f t e r two weeks a t room temperature the ampoule was f i t t e d t o 

an ampoule breaker and at tached to the f r a c t i o n a t i o n s e c t i o n o f 

the vacuum l i n e . W i t h the ampoule f r o z e n a t -196°C, the t i p was 

c a r e f u l l y broken o f f and the contents opened t o the manometers, 

where no measurable depression was noted : the ampoule was a l lowed 

t o warm s lowly t o room tempera ture , the contents being d i s t i l l e d 

through t r aps a t -l*5°C ( m e l t i n g chlorobenzene) , -84°C and -196°C. 

The m a j o r i t y o f the v o l a t i l e m a t e r i a l c o l l e c t e d a t -lt5°C w i t h some 

a t -8lf°C and very l i t t l e a t -196°C. I n f r a red spectroscopy showed 

t h a t a l l f r a c t i o n s conta ined (CH 3) 2NNHCH 3 and an unknown substance. 



The v o l a t i l e s were a l l combined a t -196°C and then warmed t o -45°C 

where i n f r a red spectroscopy showed t h a t the unknown substance was 

methylenedimethylhydraz ine , (CH3)2NN=CH2, i d e n t i f i a b l e by the 

c h a r a c t e r i s t i c =Ch2 v i b r a t i o n s a t approximate ly 3080 cm i n the 

i n f r a r e d . 

The e n t i r e v o l a t i l e s were t r a n s f e r r e d to a preweighed Rota f low 

ampoule, y i e l d i n g 1.1186 g . 

The composi t ion o f the mix tu r e was es t imated by u t i l i s i n g 

the 600 cnf' abso rp t ion o f (CH3)2NN=CH2. An au then t i c sample was 

prepared f rom (CHs^NNIfe and aqueous CH2O s o l u t i o n (106). 

1 H NMR spectroscopy showed on ly two absorp t ions f o r the 

prepared sample (CH3)2NN=Ch2 atT2.15» 5.42, f rom e x t e r n a l TMS, and 

had an i n t e g r a t e d r a t i o o f },0}:1, i n d i c a t i n g the =Ch2 p ro tons 

absorbed a tT5.42 and the methy l pro tons a t T2.15. 

I n f r a red spec t ra o f va r ious pressures o f (CH3)2NN=CH2 were 

recorded and the absorbance o f the 600 cm" band measured and 

cor rec ted f o r base l i n e e r r o r as descr ibed p r e v i o u s l y . 

A graph was p l o t t e d o f the pressure and co r r ec t ed absorbance va lues , 

as shown below and i n F igure 24* 

Pmm Hg 6.05 18.33 36.99 46.50 56.11 

Absorbance 0.077 0.198 0.307 0.367 0.643 

The e x t i n c t i o n c o e f f i c i e n t was found to be 7«43 x 1 0 ( m m ) ( m m Hg) 
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The mixed hydrazines i n the Ro ta f low were connected t o the 

vacuum l i n e as shown i n Figure 22, and the contents a l lowed to 

expand aga ins t the manometer a t room tempera ture . When the 

pressure had s t a b i l i s e d , a f t e r t e n minu tes , the i n f r a red spectrum 

o f the vapour phase was recorded and f rom the absorbance measure-
-1 

ments made on the 600 cm band, 4*345 m moles (CH3)2NN=CH2 was 

f o u n d . 

The wh i t e residue i n the r e a c t i o n ampoule, o f which there 

was 0.3461 gf was i s o l a t e d i n the d r y box and i d e n t i f i e d as 

(CR"3)2NH2C1 by i n f r a red spectroscopy, and e lemental a n a l y s i s , 

(CH 3 ) 2 NH2C1 r e q u i r e s , ( $ , C, 2 9 . 3 1 ; H , 9 . 8 1 ; N , 17 .15; C I , 43*40; 

Found, ( # ) , C, 29.59; H , 9.64; N , 17 .23 ; C I , 4 .10. 

I n the r e a c t i o n between (CH 3)2NC1 and (CH 3)2NNHCH 3, 4.12 m mole 

(CH 3 ) 2 NC1 reac t s w i t h excess (CH3)2NNHCH3 t o y i e l d 4.34 m mole 

methylenedimethylhydraz ine , (CK3)2NN=CH2, and 4 .24 m mole d i m e t h y l -

ammonium c h l o r i d e , (CHs^Nh^Cl , and the s t o i c h i o m e t r y i n d i c a t e d by 

these f i g u r e s i s i l l u s t r a t e d by the equa t ion : 

(CH 3)2NC1 + (CH3)2NNHCH3 = (CH3)2NN=CH2 + (CHs^NIfeCl 

4. Miscel laneous (CHO2NCI Reactions 

( a ) W i t h S i l v e r Compounds 

The s i l v e r compounds, Ag>0 ( d r y and m o i s t ) , Ag ( o x a l a t e ) , 

Ag2C03, AgN03, and Ag2(N202), were used i n weight ana ly s i s experiments 

w i t h d ime thy l ch lo ramine . 
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I n a t y p i c a l experiment , approximate ly 0.1 g o f the dry s i l v e r 

compound was weighed i n t o a Rota f low weight ana lys i s c e l l f o l l o w e d 

by degassing on the vacuum l i n e and the i n t r o d u c t i o n o f an excess 

o f (CH3)2NC1. The Rotaf low was sealed and shaken at room temper-

atuxts f o r approximate ly t en minutes and then re turned t o the 

f r a c t i o n a t i o n sec t ion o f the vacuum l i n e where a l l the v o l a t i l e s 

were removed and the Rota f low reweighed. 

I n each case no mass change was observed and i n f r a red spectroscopy 

revealed on ly ( C h ^ ^ N C l i n the l i q u i d phase. W i t h mois t s i l v e r 

o x i d e , a 3mall q u a n t i t y ( 0.1 g) was p laced i n a t e s t tube and shaken 

w i t h an excess ( 5 ml) pure d ime thy lch lo ramine , and no change was 

noted i n the supernatent l i q u i d , nor i n the c o l o u r o f the s i l v e r 

o x i d e . 

( b ) LipO 

Approximate ly 0.1 g L12O was p laced i n a weighed Ro ta f low weight 

a n a l y s i s c e l l i n the d ry box, and t r a n s f e r r e d t o the vacuum l i n e 

where an excess o f (CHs^NCl (—1 g) was i n t r o d u c e d . The weight 

a n a l y s i s c e l l was sealed, removed f rom the vacuum l i n e and warmed t o 

room temperature w i t h shak ing . 

A f t e r approximate ly t en minutes a t room temperature , where no 

change was noted i n the Rota f low con ten t s , the d imethylch loramine was 

d i s t i l l e d o u t , and subsequent weighings i n d i c a t e d no mass change. 
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( c ) Na Meta l 

A smal l piece o f sodium was cut f rom a s t i c k i n the d r y box, 

washed w i t h d ry d i e t h y l e the r , loaded i n t o a p r e v i o u s l y weighed 

Rotaf low weight ana lys i s c e l l , and at tached to the vacuum l i n e . 

The c e l l was pumped out l e a v i n g the smal l cube o f sodium m e t a l , 

b r i g h t , i n i t s base. Approximate ly 5 nil d imethylch loramine was 

condensed on top o f the sodium and the Rota f low sealed and a l lowed 

to warm to room temperature , where a f t e r t e n minutes , no change i n 

the b r i g h t m e t a l l i c surface was no ted . On r e t u r n i n g to the vacuum 

l i n e no s i g n i f i c a n t mass change was recorded on d i s t i l l i n g out the 

dime thy lchoramine . 



C H A P T E R F O U R 

REACTIONS OF DIMETHYLHALAMINES LEADING TO THE FORMATION 

OF TRIMETHYLHALAMMONIUM CATIONS 
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I n t r o d u c t i o n 

I n the studv o f the a d d i t i o n compounds o f the halogens, C ] ^ , B r g , 

and I2 , w i t h simple a l i p h a t i c t e r t i a r y amines, such as t r i .methylamine , 

(CH3)3N, the exis tance o f d i s c r e t e ha lo t r ia lkylammonium ca t ions have 

been suggested, but never s a t i s f a c t o r i l y i s o l a t e d as ca t ions w i t h 

anions o t h e r than h a l i d e s . 

Hantzch (l07) s tud ied the r e a c t i o n between aqueous t r ims thy la rame 

and h y p o c h l o r i t e , f i n d i n g the products i nc luded d imethylch loramine and 

methanol and suggested the f o r m a t i o n o f the i o n ( C H ^ ^ N C l , as an 

i n t e r m e d i a t e , accounted f o r the p roduc t s , accord ing t o the r e a c t i o n : 

( C H 3 ) 3 N + H0C1 —*- (CH 3 ) 3 NC10H—*- (CH 3 ) 2 NC1 + CH30H 

Bohme and Krause ( 1 0 8 ) , considered the best r ep re sen ta t i on o f 

a d d i t i o n compounds such as (Cl l3 ) 3 N Br2 was ( C H 3 ) 3 N B r Br , the c a t i o n 

being respons ib le f o r the s i x t e e n - f o l d increase i n c o n d u c t i v i t y o f a 

s o l u t i o n o f t n m e t h y l a n i n e and bromine m SO2/CCI4 a t -20°C, over t h a t 

o f the i n d i v i d u a l r eac t an t s , conc luding t h a t a l l knownadditon compounds 

o f the halogens C I , B r , I w i t h t r ime thy l amine were best represented as 

(CH 3 ) 3 NX X, however some l o n i s a t i o n would be expected m SO2 s o l u t i o n 

because o f the p o s s i b i l i t y o f h a l i d e i o n acceptance by SO2: 

(CH 3) 3NX2 + S0 2 = ^ ( C H 3 ) 3 N X + XSO2 

Bohme and B o l l (109), formed a compound which they claimed conta ined 

the chlorotnmethylammonium c a t i o n , (CHsJsNCI, when equimolar mix tu res 

o f (CH 3 )3N, SbCl5» C I 2 , m carbon t e t r a c h l o r i d e were a l lowed t o r e a c t , 

the s o l i d product which was i s o l a t e d indeed gave a r e a c t i o n to K I 

s o l u t i o n , r e l e a s i n g I 2 , but on d r y i n g i n a vacuum d e s s i c a t o r f o r 2k hours , 



116 

c h l o r i n e was l o s t according to the r e a c t i o n : 

(CH 3 ) 3 NC1 SbClg ( C H 3 ) 3 N S b C l 5 

E l l i s ( l l O ) showed, f rom k i n e t i c and spect roscopic evidence, t h a t the 

species respons ib le f o r the u l t i m e t e f o r m a t i o n o f (CHs^NCl f rom ( C H 3 ) 3 N 

and H0C1 was an i o n i c in te rmedia te s i m i l a r t o t h a t suggested by Hantzch, 

namely ( C H 3 ) 3 N C 1 . 

The UV spectrum o f an aqueous s o l u t i o n o f the c h l o r i n e , t r ime thy l amme 

complex, ( C H 3 ) 3 N C l 2 , showed the presence o f bands a t t r i b u t a b l e t o 

(CH3)2NC3 almost immedia te ly , but i n a c i d s o l u t i o n the f o r m a t i o n o f the 

chloramine could be suppressed, and a curve ob ta ined f o r an i n t e r m e d i a t e , 

which was n e i t h e r 0C1 nor C l 2 • The f r e e z i n g p o i n t o f a s o l u t i o n o f 

(CH 3 ) 3 NCl2 i n O.OIN H 2 S0 4 was cons i s t en t w i t h (CH 3 ) 3 NC1 C I . f o r m u l a t i o n . 

On mix ing aqueous t r ime thy lamine w i t h aqueous 0C1 a t pH 2 . 6 , an UV 

abso rp t ion i d e n t i c a l t o tha t found f o r ac id s o l u t i o n s o f ( C H 3 ) 3 N C l 2 , 

i n d i c a t i n g t h a t a s i m i l a r species i s formed i n both cases. 

The H0C1, ( C H 3 ) 3 N reac t i o n was s tud ied k i n e t i c a l l y and i t was found 

t h a t a t constant amine concen t r a t ion the i n i t i a l r a t e was a f u n c t i o n o f 

the H0C1 c o n c e n t r a t i o n , passing through a maximum a t a (CH 3 ) 3 N/H0C1 

r a t i o o f approximate ly 1:0.5, a t a constant pH o f 5«4« A t constant H0C1 

concen t ra t ion the r e a c t i o n v e l o c i t y was found t o be p r o p o r t i o n a l to the 

concen t r a t ion excess o f ( C H 3 ) 3 N over H0C1. 

The r e a c t i o n was fo rmula t ed according to the scheme below: 

f a s t + 

( C H 3 ) 3 N + H0C1 * - ( C H 3 ) 3 N C l , OH 

+ slow H2O ^ 
(CH 3 ) 3 NC1 + ( C H 3 ) 3 N [PRODUCTS] ( C H 3 ) 3 N H , ( C K 3 ) 2 N H , CH20 

(CH 3 ) 3 NC1 + ( C I I 3 ) 2 M H — » - ( C H 3 ) 3 N H + (CH 3 ) 2 NC1 
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where i n i t i a l r a p i d l y formed (CH 3 ) 3 NC1 ca t ions act as an e f f i c i e n t 

c h l o r i n a t i n g agent, y i e l d i n g products w i t h probably C-Cl bonds. 

C - c h l o r i n a t i o n has been shown t o bo respons ib le f o r the f o r m a t i o n o f 

secondary amines and aldehydes when t e r t i a ry amines reac t w i t h sources 

o f " p o s i t i v e c h l o r i n e " ( 1 3 4 ) , « carbon c h l o n n a t i o n o c c u r r i n g . Thus 

the na ture o f the [PRODUCTS) , not i s o l a t e d by E l l i s , above are presumably 

compounds o f the type CH 2 CIM(CH 3 ) 2 , o r (CH 2 Cl)(CH 3 )2NH, h y d r o l y s i n g t o 

(CH 3 ) 2 NH and the aldehyde CH 2 0. 

(CH 3 ) 3 f tc i then c h l o r i n a t e s the so formed dimethylamine t o give ( C H 3 ) 2 N C 1 . 

Another exp lana t ion f o r the r e s u l t a n t p roduc ts and the r a t e s a t 

which they are formed, was pu t f o r w a r d by E l l i s , based on the Bohme and 

Krause f o r m u l a t i o n : 

+ -HC1 + . 
[(CHs^ClNCHa) CI (CH 3) 2NC1CH 2 

( I V ) 

(CH 3 ) 2 NCICH 2 (CH 3 ) 2 N-CH 2 C1 * - ( C H 3 ) 2 N H 2 + C I + CH20 

where the associa ted h a l i d e i o n a b s t r a c t i n g a p r o t o n f rom a n i t r o g e n methyl 

group f o r m i n g an i n t e r m e d i a t e , ( I V ) , which rearranges to an erfchloroamine 

which then hydrolyses t o a secondary amine and formaldehyde. 

The dependence o f the r a t e o f the r e a c t i o n on the f r e e amine concen t r a t i on 

may thus be due to i t s a b i l i t y as a p r o t o n acceptor , removing the p r o t o n 

f rom an cx carbon atom on the chlorotnmethylammonium c a t i o n : 

-t-
/ C H 3 slow + ^ C H 2 

( C H 3 ) 2 N + N ( C H 3 ) 3 ( C K 3 ) 2 N + HN(CH 3 ) 3 PRODUCTS 

\ l ^ C l 
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On examination o f the r a t e o f f o r m a t i o n o f the i o n ( C ^ ^ N C l f rom 

(CH 3)3N and H0C1 m the presence o f CI i o n s j i t v/as found by E l l i s , t h a t 

the r a t e decreased as the CI concen t r a t ion increased , UV measurements 

shoving i n c r e a s i n g f o r m a t i o n o f CI2 w i t h i n c r e a s i n g C I a d d i t i o n , m d i -

e a t i ng tha'., the (CH^^NCl c a t i o n i s more e f f e c t i v e i n c h l o r i n a t i n g power 

than molecu la r c h l o r i n e . 

I n conc lus ion i t would appear t h a t the i o n (CHs^NCl i s present 

inaqueous s o l u t i o n s o f (CHg^NCl^ , but to then go on and cons ider t h a t 

i n the s o l i d phase, a l l t r i m e t h y l a m i n e , halogen a d d i t i o n compounds are 

(CR"3)3N—Hal H a l , i s c l e a r l y m i s l e a d i n g . No simple compounds c o n t a i n i n g 

the halotrimethylammonium c a t i o n have been i s o l a t e d and shown to con ta in 

such ca t ions i n the s o l i d phase. 

The remainder o f t h i s sec t ion w i l l be devoted t o how, and under 

what c i rcumstances, the c a t i o n (CH 3 ) 3 NC] may be prepared and i s o l a t e d . 

The spect roscopic techniques employed i n the i n v e s t i g a t i o n o f the charge 

d i s t r i b u t i o n i n the c a t i o n are discussed i n Chapter 6 . 

The Formation Of The Ca t ion (CHQ-sNCl 

There are t h ree methods which can p rov ide the c a t i o n (CHs^NCl , two 

o f which s t a r t w i t h the t r i m e t h y l a m m e , c h l o r i n e complex and the t h i r d , 

s t a r t i n g f rom d i m e t h y l c h l o r a m m e . 

( a ) (CHOsNCl Formation From Aqueous (CH.QsNClg 

The work o f E l l i s ( l l O ) has shown t h a t m aqueous a c i d s o l u t i o n s o f 

(CH3)3NCla, the c a t i o n (CR^^NCl i s p resen t , so t h a t a d d i t i o n o f a l a r g e 

s t a b i l i s i n g anion such as CIO4 o r BF4 can be used t o p r e c i p i t a t e s a l t s 

auch as (CH 3) 3NC1 CIO4, (CH3)3NC1 BF4. 
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( b ) (CH.Q.^NCl Formation From (CH.O3NCI3 And A Lewis A c i d 

The work o f B o l l and Bohme (109), suggested tha t .vhen mix tu res o f 

( C H 3 ) 3 N , C I 2 , and SbCl^ were a l lowed to r e a c t , a complex (CH 3 ) 3 NC1 SbClg 

fo rmed . By u t i l i s i n g t h i s t echn ique , (CH 3 ) 3 NC1 BCI4 can be obta ined by 

r e a c t i n g (CH 3 ) 3 NCl2 w i t h BC1 3 m a sealed tube . 

( c ) (CHO^NCl Formation From (CHQgNCl 

I t i s w e l l known t h a t t n a l k y l a m i n e s when t r e a t e d w i t h a l k y l a t i n g 

agents, form tetraalKylammomum s a l t s according t o the r e a c t i o n below: 

( C H 3 ) 3 N + C H 3 I = ( C H 3 ) 4 N I ~ 

By c a r e f u l choice o f a l k y l a t i n g agent, bear ing i n mind the low b a s i c i t y 

o f ( C H 3 ) 2 N C 1 , (pkb = 13 .6 , ( 3 1 5 ) ) t 

s a l t s can be prepared as shown i n the 

f o l l o w i n g r e a c t i o n : 

( C H 3 ) a N C l + CH3X = (CH 3) 3NC1X 

T h i s method can be used to prepare s a l t s where X i s 0S0 3 CH 3 , OSO2F, CIO4. 

The P repa ra t ion Of (CHOsNGlo 

The t n m e t h y l a m i n e c h l o r i n e complex was prepared f rom ( C H 3 ) 3 N and CL2 

m Freon 1 1 , r a t h e r than CCI4 as used by o t h e r workers , t o a l low a lower 

r e a c t i o n temperature ( -SZf°C), and ease o f h a n d l i n g on the vacuum l i n e . 

The r e a c t i o n between t r ime thy lamine and c h l o r i n e can be e x p l o s i v e l y v i o l e n t , 

even a t - 8 4 ° C , i f no so lven t i s used, s t rong s o l u t i o n s o f c h l o r i n e and 

t r ime thy l amine can also explode a t room temperature , on m i x i n g , thus a 

l i b e r a l excess o f so lvent i s p a r t i c u l a r l y recommended. 

I n a t y p i c a l p r e p a r a t i o n , (CRV,)3N ( l m l , 13«13 m mole) was condensed 

i n t o a 50 ml round bottomed f l a s k separated f rom a tap cone connector by 

a shor t f i l t e r s t i c k as shown i n F igure 7 , Chapter 2 , on the vacuum l i n e . 

Approximate ly 7 ml Freon 11 was condensed i n , and the whole a l lowed to 
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warm up u n t i l s o l u t i o n occur red , ( approx ima te ly -23°C). The f l a s k and 

contents were then r e f r o z e n i n l i q u i d n i t r o g e n , and c h l o r i n e , (0 .5 m l , 

12.2 m mole) condensed m , f o l l o w e d by a f u r t h e r 5 ml Freon 1 1 . The 

f l a s k was i s o l a t e d f rom the vacuum l i n e and the l i q u i d n i t r o g e n dewar 

replaced by one c o n t a i n i n g an acetone, s o l i d CO2 s l u r r y , a t -84°C, and 

l e f t f o r approximate ly 15 minutes , a f t e r which t ime the tap to the 

vacuum l i n e was opened and the f l a s k pumped d r y , the f i l t e r s t i c k 

p r e v e n t i n g the f i n e l y d i v i d e d wh i t e s o l i d r emain ing , f rom pass ing i n t o 

the vacuum l i n e . 

Vhen the f l a 3 k and contents had warmed to room temperature , i t was 

t r a n s f e r r e d to the d ry box where the s o l i d was removed ffom the f l a s k , 

b o t t l e d and weighed. The s o l i d was used as soon as p o s s i b l e a f t e r 

p r e p a r a t i o n I.58 g o f product was i s o l a t e d i n t h i s way, r ep resen t ing 

lOO/o y i e l d , whicn was found to be C3h*gNCl2 by a n a l y s i s : Required f o r 

C ^ N C l g , ( $ ) , C, 27.71; H , 6.93; N , 10.77j C I , 54-54; Found, ( # ) , 

c, 28.26; H , 6.34; N , 10.37; C l , 54-96. 

The i n f r a red spectrum was recorded, shown m F igure 25, and no 

evidence f o r (CHs^NH could be found , e q u a l l y there were no absorpt ions 

a t t r i b u t a b l e to C-Cl s t r u c t u r e s . 

A smal l sample was d i s s o l v e d m 0.01N H2SO4 and the UV spectrum recorded, 

as shown i n Figure 26, which agreed d i r e c t l y w i t h t h a t found by E l l i s ( l l O ) . 

React ion Of (CH.Q^NCl? W i t h Aqueous Anions 

Satura ted s o l u t i o n s , i n d i s t i l l e d water , o f NaC104, NaBF4, LiPFg 

NaN3 and NaNCS, were made up and added to a s t rong s o l u t i o n ( 1 g/5 m l , 

200 g / l i t r e ) o f (CH3) 3NCl2 i n d i s t i l l e d water , a f r e s h l y prepared s o l u t i o n 
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of (CH3)3NCl2 be ing used f o r each a n i o n . Only Cio'̂  and B?4 produced 

p r e c i p i t a t e s o f f i n e ^ h i t e m i c r o c r y s t a l s . 

( C H 3 ) 3 N C 1 C10"4 and ( C H 3 ) 3 N C 1 B F 4 were prepared by d i s s o l v i n g 1 g 

( 7 . 6 9 m mole) f r p s h l y p r e p a r e d ( C H 3 ) 3 N C l 2 m 5 m - l d i s t i l l e d w a t e r i n 

a 50 ml bealcer. To t h i s s o l u t i o n a s a t u r a t e d s o l u t i o n of e i t h e r sodium 

p e r c h l o r a t e o r sodium t e t r a f l u o r o b o r a t e ^as added and the p r o d u c t , which 

formed w i t h i n seconds , i s o l a t e d by s u c t i o n on a s i n t e r e d g l a s 3 f i l t e r . 

The product was washed \ « i t h a few drops o f dry hexane and a l lowed to 

d r y on the s i n t e r to a f r e e f l o w i n g white powder. O . J g (20% y i e l d ) 

( C H 3 ) 3 N C 1 C I O 4 and 0.4 5 (28 .7% y i e l d ) ( C H 3 ) 3 N C 1 B~F4 were i s o l a t e d m 

t h i s way, and a n a l v s i s conf irmed the format ion o f , C3H QNClo04 ( R e q u i r e s , 

(JS), C , 18.55; H , 4.64; N , 7.22; C I , 36.59, Pound (jS), C , 18.39; H , 4.1*4; 

N , 7.95; C , 36.2) and o f C 3 H g N C l B F 4 ( R e q u i r e s , ( $ ) , C , 19.35; H , 4.96; 

N , 7-72; C I , 19.58; B , 5.96; F , 4 1 . 9 2 , Found, ( £ ) , 19.45; H , 5.10; 

N , 7.61; C I , 19.4; B , 5.37; F , 4 1 . 5 1 ) . 

I n f r a red s p e c t r a of each of these two p r o d u c t s were r e c o r d e d as 

n u j o l m u l l s on C s l p o l y e t h y l e n e p r o t e c t e d p l a t e s , and shown i n F i g u r e s 

27. 2 8 . 

A sample o f ( C H 3 ) 3 N C 1 C 1 0 4 was d i s s o l v e d m 0.01N H 2 S O 4 and the UV spectrum 

r e c o r d e d , shown m F i g u r e 2 9 . T n i b i s comparable w i t h F i g u r e 26, showing 

the spectrum o b t a i n e d f o r a s o l u t i o n o f (CH3)3NCl2 i n H 2 S O 4 , and shows 

t h a t i n s o l u t i o n both s p e c i e s g ive r i s e to a compound which i s i n a l l 

p r o b a b i l i t y ( C H 3 ) 3 N C 1 . 

Specimens o f tnese two compounds were examined by ^I-jR s p e c t r o s c o p y , 

the r e s u l t s o f which a r e d i s c u s s e d i n C h a p t e r 6. 
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The e q u i v a l e n t mass o f the s a l t ( C H 0 ) o r C l ClO.t, as an o x i d i s 111,3 a^ent, 

\ .cs d c t o r n L I I G ' 1 by d i s s o H v i n - an a c c u r a t e l y weighed a l i q u o t uu ic ' t ly i n 

water a n l a i d i n g an e x c e s s o f TCI i n 0.23.5 II2SO4, and t i t r a t i n g the 

l i b e r a t e 1 i o d i n e w i t h O.Wlffi* so l ium t h i o s u l p h a t e , p r e v i o u s l y stand - . r a i s e d 

a g a i n s t potass ium l o d a t e . The e q u i v a l e n t mass v.'s f o u n l to be 99.71. 

The e q u a t i o n : 

v C H 3 ) 3 T + T C l + 2e"+ H*=(CB£,T!H + C I 

r o o m i e s 1 t h e o r e c L i c i l e q u i v a l t 3 n t mass o f 97*0 f o r the p e r c h l o r a t o . 

The 7ormation Of ( C r i Q g N C l From (CHQgNClp And L e w i s A c i d s 

B o l l (109) r e a c t e d s o l u t i o n s o f ( C H 3 ) 3 N , C l 2 , S b C l , m CC1., and 

obta ined a p i o l u c t \ .h i ch l o s t c h l o r i n e on s t o r m y i n a vacuuu d e s s i c a t o r . 

The metnod o:1 R o l l s u f f e r s f r o n the d i sadvantage tn^t as the s o l u t i o n s 

are r i x e l immediate c o m p e t i t i o n o c c u r s between the t>.o Le .'is a c i d b , CI2 

a n l S b C l ^ j .-ail the base ( C H ^ ) ^ I I , r e s u l t i n g i n a m i x t u r e , 1 he.'e C l ^ i s 

t r y m s to s u b s t i t u t e i n t o the N-Sb bond m ( C H ^ N - S b C l , . . 

T h i s d i f f i c u l t y w is overcome by s t a r t i n g w i t n the ( C - I j ) 3 N conplexed 

to the weaker L e v i s a c i d , C l 2 , as i n ( C H 3 ) 3 N C l 2 , and adding a s t r o n g e r 

v o l a t i l e , L e . / i s a c i d such as B C I 3 to i t . 

weight a n a l y s i s exper iments " i t h f i - e s h l y p r -pared ( C H j ^ F C ^ ^na P C I 5 , 

the course o f which was fo l lowed by i n f r a red s p e c t r o s c o p y , shoved t h a t 

P C 1 0 w i l l add to ( C H 3 ) 3 N C 1 2 to c i v e ( C I I 3 ) 3 N C 1 B C I 4 , to the ex tent o f 

approx imate ly 90'̂ » I n t h i s i n s t a n c e , i n f r a red a b s o r p t i o n s Aao to B C 1 , 

were found, as i / o l l a3 tho&e a t t r i b u t a b l e to the c a t i o n ( C ! I ^ ) j T T C l . No 

i n d i c a t i o n o f ( C 1 ' 3 ) 0

T I H format ion was apparent from the i n f r a r e d . 
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'iVith o t h e r Lev/ i s a c i d s the p i c t u r e i b not so c l e a r . The use o f 

B C I 3 had p r a c t i c a l advantages over and above i t s L e w i s a c i d c a p a b i l i t i e s , 

m t h a t i t tvas r e a d i l y removable d u r i n g the weight a n a l y s i s e x p e r i m e n t s . 

The L e w i s a c i d S b C l y i s c l e a r l y not so v o l a t i l e , and i d e a l l y r e q u i r e s 

the use o f a s o l v e n t m which both the L e w i s a c i d and ( C H s ^ N C l ^ a r e 

s o l u b l e , but w i t h which they do not r e a c t . 

G-ood h i g h d i e l e c t r i c s o l v e n t s such as n i t robenzene o r n i t romethane , do 

not meet these requ irements as the L e w i s a c i d r e a c t s w i t h tnem, whereas 

c h l o r i n a t e d hydrocarbon s o l v e n t s such as CCI4 o r CH2CI2 were found to 

be i n e f f e c t i v e m d i s s o l v i n g the c h l o r i n e , t r i m e t h y l a m m e complex. 

I n a t y p i c a l weight a n a l y s i s experiment w i t h BCI3, 0.5322 g 

(lt-«09 m mole) o f f r e s h l y prepared c h l o r i n e , t n m e t h y l a m i n e complex was 

p l a c e d i n a R o t a f l o w weight a n a l y s i s c e l l , as d e s c r i b e d p r e v i o u s l y ; m 

the d r y box. The R o t a f l o w had been p r e v i o u s l y t r e a t e d w i t h BCI5, s o a s 

to coat the m s i d e s u r f a c e s and h y d r o l y s e any absorbed , water not removed 

by g e n t l e h e a t i n g under vacuum. The Rota f low be ing pumped dry a f t e r the 

BCI3 p r e t r e a t m e n t and weighed. The R o t a f l o w was t r a n s f e r r e d from the dry-

box to the vacuum l i n e , pumped o u t , s e a l e d and reweighed. 

An e x c e s s (7«9191 g> 67*59 m mole) BCI3 was then condensed i n t o the 

c e l l , and the whole a l l owed towam to room temperature , a f t e r which the 

c e l l rtas reweighed . The c e l l was then p l a c e d on a flas^c s h a k e r and 

a g i t a t e d f o r I6V2 hours a t room t e m p e r a t u r e . 

The v o l a t i l e contents of the c e l l were then removed on the vacuum l i n e 

by d i s t i l l i n g i n t o a c o l d f i n g e r , and the c e l l rewe ighed . T h i s procedure 

was repeated a f t e r 2Zt h o u r s , a f t e r which the v o l a t i l e m a t e r i a l was 

pumped away, the c e l l t r a n s f e r r e d to the d r y box f o r i n f r a r e d i n v e s t i g a t i o n . 
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The spectrum o f the product i s shown i n F i g u r e 30, and s i n c e no ( C H 3 ) 3 N H 

a b s o r p t i o n s could be found, and the spectrum shcved BCI4 and r e s i d u a l 

(CH 3) 3NCl2-, i t was assumed t h a t the mass m the c e l l cou ld be accounted 

f o r by (CH 3 ) 3 NCl2, (CH3)3NC1BC14 o n l y . The r e s u l t s o f the weighings 

a r e snorm m T a b l e 5 below. 

TABLE 5 

MASS C H A N C E S PURINE ( C H Q S N C I Q , B C l ^ REACTION 

S t a r t i n g Mass (CH 5) 3NCl2 0.5322 g 

R e s i d u a l Mass ( l 6 7 2 h o u r s ) 0.8806 g 

R e s i d u a l Mass a f t e r 39 hours 0.9150 g 

R e s i d u a l Mass R e q u i r e d (100$ c o n v e r s i o n ) 1.0117 g 

P e r c e n t a g e C o n v e r s i o n 90,1+1$ 

The r e q u i r e d r e s i d u a l mass *as c a l c u l a t e d assuming 100̂ 2 c o n v e r s i o n 

a c c o r d i n g to the equat ion below: 

(CH 5) 3NC1 2 + BCI3 = (CHs)2jNCl BC14 

I n an experiment w i t h S b C l , . , 0.75V7 g (5*8 m mole) (CH 3) 3NCl2 which 

had been f r e s h l y p r e p a r e d , was p l a c e d i n a 100 ml round bottomed f l a s k 

f o l l o w e d by 12 ml dry CH2CI2 i n the d r y box. 1 ml (7.79 m mole) SbCl^. 

was then added, and the f l a s k s toppered and shaken f o r r/2 h o u r s . The 

f l a s k c o n t e n t s were then poured i n t o a s i n t e r e d g l a s s f i l t e r i n the d r y 

box, and product c o l l e c t e d , washed w i t h CH2CI2 and found to weigh 

1.1214 g . The i n f r a r e d spectrum o f the product was r e c o r d e d between 

C s l p l a t e s , and i s shown m F i g u r e 31> i n d i c a t i n g SbClg f o r m a t i o n from 

the s t r o n g a b s o r p t i o n a t 34-5 cm1 . Peaks are a l s o a t t r i b u t a b l e to 

r e s i d u a l (CH 3 ) 3 NCl2, and i t i s p o s s i b l e to observe a peak a t t r i b u t a b l e to 

the N - C l s t r e t c h i n the c a t i o n a t 400 cm"1 . 
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The r e a c t i o n product d i d not a n a l y s e w e l l f ( F o u n d , (?o), C , 11.6; 

H , 3.23; N , W 9 ; C I , 57.4; S b , 25.8). The C:N r a t i o o f 2.8:1 i s 

reasonab ly c l o s e to the 3:1 r e q u i r e d by (CH 3 ) 3 NC1 S b C l g , but the N:C1 

r a t i o i s o n l y 4.7511 i n s t e a d o f 7'.1» No d e t e r m i n a t i o n o f the o x i d i s i n g 

power of the product was per formed . 

A second sample o f approx imate ly 2 g ( C H 3 ) 3 N C l 2 was p l a c e d i n a 

m o r t a r m the dry box and ground under a s o l u t i o n c o n t a i n i n g approx imate ly 

5 ml SbClrj m 20 ml dry CH2CI2. The r e s u l t i n g s l u r r y was f i l t e r e d , and 

the f i l t r a t e al lovfed to s tand i n the d r y box f o r about 1 h o u r , a f t e r 

which grey n e e d l e s d e p o s i t e d . The product was i s o l a t e d on a s i n t e r e d 

g l a s s f i l t e r and the i n f r a red spectrum r e c o r d e d between C s l p l a t e s , 

and i s shown i n F i g u r e 32. The product was a n a l y s e d and found to c o n t a i n 

(5?), C, 9.50; H , 2.73; N , 3.69, C I , 57.63; S b , 31.y, which i n d i c a t e s 

e m p i r i c a l l y C^Q^H^QgNSbCl^g The i n f r a red spectrum showed a s t r o n g 

a b s o r p t i o n a t 345 cm"1 i n d i c a t i n g S b C l g , and a l s o an N-H c a t i o n v i b r a t i o n 

a t 3200 cm"1 . 

I t was apparent t h a t ( C H 3 ) 3 N H S b C l g had formed and t h i s was c o n f i r m e d 

by comparison w i t h an i n f r a red spectrum o f ( C H 3 ) 3 r i H SbClg p r e p a r e d from 

( C H 3 ) 3 N H C I and S b C l ^ i n CH 2Cls s o l u t i o n , and i s shown i n F i g u r e 33. 

The f o r m a t i o n o f ( C H 3 ) 3 N H i s presumably due to a t t a c k o f ( C H 5 ) 5 N C 1 

on the s o l v e n t CH2CI2 y i e l d i n g ch loroform CKC1 3 , but s i n c e the product 

was not a n a l y t i c a l l y p u r e , o t h e r s i d e r e a c t i o n s have presumably o c c u r r e d . 

T h i s r e a c t i o n was not i n v e s t i g a t e d f u r t h e r . 
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The Format ion Of ( C H Q ^ N C l From ( C H Q ? N C 1 

R e a c t i o n s i n v o l v i n g t e r t i a r y amines and a l k y l a t i n g agents are w e l l 

knownj the r e a c t i o n p r o c e e d i n g v i a a t t a c k o f the n i t r o g e n lone p a i r on 

s u i t a b l y p o s i t i v e carbon atom as shown m the scheme below: 

H 

R 3 N : f C H 5 X R 3 N - C — X 

H 

R«N-CH 3 + X 

The e x t e n t to which such a l k y l a t i o n s o c c u r depend on two f a c t o r s , the 

a v a i l a b i l i t y o f tho n i t r o g e n lone p a i r , as measured i n b a s i c i t y , and the 

degree o f p o l a r i s a t i o n o f the CH3-X bond such t h a t o c c u r s , o t h e r 

t h i n g s , such as s t e a r i c e f f e c t s be ing c o n s t a n t . 

F o r weakly b a s i c t e r t i a r y amines , buch as ( C h ^ ^ N C l the a l k y l a t i n g 

agent must, compensate i n p r o v i d i n g a l a r g e r e f f e c t i v e p o s i t i v e charge on 

tho CH3 group adding onto the b a s e . As a guide to ho»v p o s i t i v e a methyl 

group i s , 1 H NMR can bo u s e f u l . T a b l e 6 l i s t s the 'h* a b s o r p t i o n s f o r a 

s e l e c t i o n o f methyl e s t e r s , i n d i c a t i n g those w i t h 0X0 a n i o n s , are much 

more p o s i t i v e than a l k y l h a l i d e s . 

TABLE 6 

*H NMR OF METHYL ESTERS 

Anion I R e f e r e n c e Remarks 

SbPg '..4 112 a t -73°C; S b F , . , S 0 2 , C H 3 F 

CIO4 5.7 111 CH3I, AgG104 i n CCI4 s o l u t i o n 

OSO 2F" 5.8 112 i n S b F c 

5.79 113 as pure l i q u i d 

N03- 5.85 111 

0C1" 6.01 111 

so4" 6.04 111 

I ~ 8.00 T h i s work as pure l i q u i d 
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Of the an ions l i s t e d i n T a b l e 6, CH3OSO3CH3, CH3NO3, CH3OSO2P, 

C H 3 0 C 1 0 3 , and C H 3 S b F 6 ( C H 3 F , S b F 5 i n S 0 2 ) were r e a c t e d w i t h ( C H 3 ) 2 N C 1 . 

CH3I a l s o r e a c t s , but the product o f t h i s r e a c t i o n , C £ H ^ g N 2 C l 2 I 2 » i s 

cons idered i n C h a p t e r 5» 

Only CH3NO3 f a i l e d to p r o v i d e a p r o d u c t , which i n view of i t s 

p r o j e c t e d power from the t a b l e , should be a t l e a s t as e f f i c i e n t as 

CH3OSO3CH3, d i m e t h y l s u l p h a t e . The reason f o r the l a c k o f r e a c t i o n may 

be that a t the temperature o f the r e a c t i o n , approx imate ly l 6 - 2 0 ° C , a 

h i g h energy b a r r i e r e x i s t s to the t r a n s i t i o n s t a t e . Any h e a t i n g 

decomposes the d i m e t h y l c h l o r a m i n e . 

Al though C H 3 F , S b F 5 i n S 0 2 ( l ) r e a c t e d w i t h ( C H 3 ) 2 N C 1 the product d i d not 

c o n t a i n the c a t i o n (CH3) 3 f tc i , whicn i n view o f the apparent s t a b i l i t y o f 

(CII3)3NC1 CIO4 o r B F 4 , SbFg as an anion ought to s t a b i l i s e the c a t i o n 

e q u a l l y w e l l . 

The a l k y l a t i n g agent CH3OCIO3, methyl p e r c h l o r a t e , p r e s e n t s a method 

o f o b t a i n i n g a s a l t ( C H 3 ) 3 N C : CIO4 p r e p a r a b l e a l s o from ( C H 3 ) 3 N C l 2 ^ 

aqueous C I O 4 . 

C H 3 0 S 0 2 F and CH3OSO3CH3 both y i e l d e d whi te s o l i d s which conta ined the 

c a t i o n (CH3)3NC1 as shown by i n f r a red s p e c t r o s c o p y . 

Tn a t y p i c a l experiment i n v o l v i n g CH3OSO3CH3, 1 ml ( l . 33 g> 10 m mole) 

( C H 3 ) 2 S 0 4 was d i s s o l v e d i n 10 ml dry d i e t h y l e t h e r i n a 50 ml round 

bottomed f l a s k equipped w i t h a tap cone c o n n e c t o r , and a t t a c h e d to the 

vacuum l i n e . The s o l u t i o n was degassed and 0.7 g ( 8 . 3 m mole) ( C H 3 ) 2 N C 1 

was condensed. 
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The f l a s k was i s o l a t e d and removed from the vacuum l i n e , and a l lowed 

to warm up to -5°C i n a r e f r i g e r a t o r , where i t remained f o r two h o u r s . 

The f l a s k was then d r i e d and t r a n s f e r r e d to the dry box and the s o l u t i o n 

f i l t e r e d w i t h s u c t i o n , y i e l d i n g 1 . 3 2 g o f a f i n e whi te s o l i d , which 

r e p r e s e n t s 73% c o n v e r s i o n o f cn loramine to chlorammonium s a l t . The 

s o l i d was a n a l y s e d and found to c o n t a i n , (%), C , 2 3 . 4 6 ; H , 5«95; N , 6 . 9 8 ; 

C I , 1 7 . 9 ; S , 1 5 . 9 7 . ( C H 3 ) 3 N C 1 0 S 0 3 C H 3 r e q u i r e s , ( # ) , C , 2 3 - 3 6 ; H , 5 . 8 4 ; 

N , 6 . 8 1 ; C I , 1 7 . 2 7 , S , 1 5 . 5 7 . 

An i n f r a red spectrum was r e c o r d e d , and i s shown i n F i g u r e 34» as a n u j o l 

m u l l between C s l p l a t e s p r o t e c t e d w i t h p o l y e t h y l e n e f i l m . 

The e q u i v a l e n t weight o f the compound as an o x i d i s i n g agent was 

determined by adding K I to an a c i d i f i e d s o l u t i o n and t i t r a t i n g the 

l i b e r a t e d I 2 w i t h sodium t h i o s u l p h a t e . The e q u i v a l e n t weight was found 

to be 1 0 4 . 1 0 2 , which when compared to the r e q u i r e d v a l u e , o f 1 0 2 . 3 3 0 , 

i n d i c a t e s s l i g h t decompos i t i on . 

A sample o f the compound was d i s s o l v e d m water and i t s UV spectrum 

r e c o r d e d , as shorn i n F i g u r e 35> whicn compares w i t h t h a t shown i n 
+ -

F i g u r e s 26 and 29 f o r the complex ( C H 3 ) 3 N C 1 2 and the s a l t ( C H 3 ) 3 N C 1 C 1 0 4 . 

The r e a c t i o n w i t h C H 3 0 S 0 2 F , methyl f l u o r o s u l p n a t e , was performed i n 

a s i m i l a r way, t y p i c a l l y 1 ml ( l . 4 3 e> 1 2 . 5 m mole) C H 3 0 S 0 2 was condensed 

i n t o a 50 ml round bottomed f l a s k c o n t a i n i n g 5 ml d r y degassed C C I 4 . 

0 . 1 g ( 1 . 2 6 m mole) ( C H 3 ) 2 N C 1 was then condensed i n t o the f l a s k and the 

whole i s o l a t e d from the vacuum l i n e , p l a c e d i n a r e f r i g e r a t o r f o r about 

10 minutes , and then r e t u r n e d to the vacuum l i n e where a l l the v o l a t i l e 

m a t e r i a l was pumped away, l e a v i n g a white powder. The f l a s k was t r a n s f e r r e d 
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t o the d ry box and 0 .2 g o f the f i n e whi te powder i s o l a t e d . T h i s mass 

represents an 82.5$ y i e l d basei on the equat ion below: 

(CH 3 ) 2 NC1 + CH 30S0 2F = (CH 3) 3NC10S0 2P 

A sample was analysed and found to c o n t a i n , ( $ ) , C, 18.26; H, 4«59» 

N , 7.10; C I , 18.52; S, 16.6; F, 9.99. (CH 3 ) 3 NC10S0 2 F r e q u i r e s , (?5), 

C, 18.59; H , 4.65; N , 7.23; C l , 18.33; S, 16.53; F , 9 . 80 . 

The i n f r a red spectrum o f a sample o f the product i s shown, as a n u j o l 

m u l l between po lye thy lene p ro t ec t ed Csl p l a t e s , i n Figures 36 and 37• 

The a l k y l a t i n g agent, Cl i 3 0C10 3 , was never i s o l a t e d as the pure 

compound but used i n the s o l u t i o n i t was prepared i n , as d e t a i l e d i n 

Chapter 2 . 

5 ml o f the s o l u t i o n , wnich contained approximate ly 0.if6 g (if m mole) 

CH 3 0C10 3 , was placed i n a 50 ml round bottomed f l a s k equipped w i t h a 

tap cone connector . The f l a s k was a t tached to the vacuum l i n e and the 

s o l u t i o n degassed, 0.3512 g , k*k2 m mole. (CH 3)2NC1 was then condensed 

m and the f l a s k i s o l a t e d f rom the vacuum l i n e , removed and a l lowed to 

warm to room temperature . A f t e r approximate ly 5 minutes a whi te s o l i d 

began to f o r m , and a f t e r 10 minutes the f l a s k was t r a n s f e r r e d to the 

d r y box and the contents f i l t e r e d w i t h s u c t i o n , the whi te s o l i d be ing 

washed w i t h a smal l q u a n t i t y o f d ry CCI4. The product was analysed and 

found to c o n t a i n , , C, 18.68; H, 1+,'fJ,; N , 7-35; C l , 36 .71 . 

(CH 3 ) 3 NC1 CIO4 r e q u i r e s , ( $ ) , C, 18.55; H , 4.6^; N , 7 .22; C l . 36.59. 

The i n f r a red spectrum o f the compound uas recorded as a n u j o l m u l l 

between p r o t e c t e d Csl p l a t e s and i s shown i n Figure 38, and i f compared 

w i t h Figure 27, i t can be seen t h a t the product f rom the m e t h y l a t i o n o f 
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(CH3)2NC1 con ta ins the same c a t i o n as t h a t ob ta ined f rom aqueous s o l u t i o n s 

o f (CH 3 ) 3 NC1 2 . 

The r e a c t i o n between ( C H ^ N C l and CH 3F/SbFtj mix tures m l i q u i d 
+ 

SO? d i d not y i e l d a product c o n t a i n i n g the c a t i o n ( C H s ^ N C l . I n a 

t y p i c a l experiment , 2.0722 g (9*56 m mole) SbF^ was then placed m a 

50 ml round bottomed f l a s k i n the d r y box, and the f l a s k sealed v i t h a 

tap cone connector . 

The f l a s k was a f f i x e d t o the vacuum l i n e and the contents degassed. 

/4-.031 g (62.92 m mole) SO2 was then condenbed i n and the whole a l lowed t o 

warm to -23°C ( m e l t i n g CC14) and the SbF^ a l lowed t o d i s s o l v e , \7hen 

s o l u t i o n was complete, 0.3A-39 g (10.105 n mole) CH3F was added, and the 

f l a s k and contents he ld a t -84°C to a l low the s o l i d to d i s s o l v e . 

0.8232 g (10.35 m mole) (CH 3) 2NC1 was then condensed i n t o the 

r e f r o z e n SbFy CH 3F, SO2 s o l u t i o n and the f l a s k warmed to -84°C where the 

whole d i s s o l v e d l e a v i n g a u l ea r co lou r l e s s s o l u t i o n . The i l a s k and 

contents were held a t t h i s temperature over n i g h t , a f t e r which t ime the 

contents o f the f l a s k appeared s o l i d . The v o l a t i l e components were 

d i s t i l l e d i n t o a co ld f i n g e r a t -196°C. The s o l i d res idue vas t r a n s f e r r e d 

t o the d r y box and a sample removed f o r o x i d a t i o n a n a l y s i s . 

An a l i q u o t o f the product was d i s so lved i n water a c i d i f i e d w i t h 0.1N 

H2SO4 and K I added, to y i e l d a s o l u t i o n which when t i t r a t e d aga ins t sodium 

t h i o s u l p h a t e r e s u l t e d i n an equ iva len t v e i g h t o f 975 i n d i c a t i n g l i t t l e 

o x i d i s i n g power. The m a t e r i a l e lementa l ana lys i s shov/ed t h a t the product 

could be represented by the e m p i r i c a l fo rmula C3H^2NClSbi.5 Fg. 

file:///7hen
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4. Reactions I n Yfhich (CHQ^NBr I s Formed 

A l l the p r e p a r a t i v e techniques employed m the f o r m a t i o n o f the 

(CHs^NCD c a t i o n cannot be used i n f o r m a t i o n o f the bromo analogue, 

since (CHs)3NBr2 i s not so lub le m wa te r . A d i r e c t method i s found i n 

a l k y l a t i o n o f ( C H 3 ) 2 N B r . 

The complex formed i n the r e a c t i o n o f (CHg^NBr w i t h the a l k y l a t i n g 

agent C H 3 O S O 2 F i s extremely u n s t a b l e , and indeed no s a t i s f a c t o r y a n a l y t i c a l 

f i g u r e s were ob ta ined , however i n f r a red spectroscopy showed t h a t i n the 

compounds prepared , c e r t a i n p a r a l l e l s could be drawn between the r e a c t i o n 

products w i t h the equ iva len t (CHs^NCl r e a c t i o n s . 

I n an experiment w i t h CK3OSO2F, 1 ml o f a s o l u t i o n o f (CHs^NBr m 

C C I 4 , prepared as d e t a i l e d i n Chapter 2, was contained i n a t e s t tube i n 

the d r y box, and approximate ly 0 .5 ml CH3OSO2F added and the tube shaken. 

A f t e r a few seconds, a whi te p r e c i p i t a t e formed. The tube was stoppered 

removed f rom the d ry box and f i l t e r e d w i t h s u c t i o n , washed w i t h a few 

mis hexane and then t r a n s f e r r e d t o a second t e s t t u b e . 

The s o l i d was taken up i n approximate ly 1 ml d i s t i l l e d water , and to the 

r e s u l t i n g s o l u t i o n , a few drops o f sa tu ra ted NaC104 s o l u t i o n were added, 

r e s u l t i n g i n a whi te p r e c i p i t a t e . T n a second experiment , 5 nil o f the 

s o l u t i o n o f (Chs^NBr was placed i n a 50 m l beaker i n the d ry box. To 

t h i s 0 .4 ml CH3OSO2F was added, and the contents s w i r l e d . The s o l i d 

product was f i l t e r e d o f f and washed w i t h a few mis o f d r y C C I 4 . The 

product wa3 analysed and found to c o n t a i n (%) C, 15 .91] H , 4*82; N , 5«58; 

B r , 31.43; S, 12.19; F , 8 .32 . ( C H 3 ) 3 N B r 0S02F~ r e q u i r e s , ( # ) , C, 15.13* 

H, 3.70; N , 5.88; B r , 33 .61; S, 13.44; F , 7 .98 . 
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The i n f r a red spectrum o f the product was recorded as a p a r a f f i n 

m u l l between p ro t ec t ed CsT p l a t e s , and i s shown i n F igure 43 wh ich , when 

the peaks a t t r i b u t a b l e to~0S02F, a t 1299, 1073, 583 and 565 cm"1 are 

removed, i n d i c a t e d & m Figure 43> leaves peaks a t 295» 325» 805 and 

y45 cm' . The f a r i n f r a red spectrum, p l o t t e d i n Figure 44 shows peaks 

at 294.2 and 324.5 cm . 

A smal l q u a n t i t y o f the product v/as d i s so lved i n water and t r e a t e d 

w i t h sa tu ra ted NaC104 s o l u t i o n , the r e s u l t i n g whi te s o l i d being f i l t e r e d 

o f f and d r i e d on the s i n t e r by washing w i t h d ry hexane. The i n f r a red 

spectrum o f a sample o f t h i s m a t e r i a l was recorded and i s shown i n 

Figure 45> i n d i c a t i n g C I O 4 absorpt ions a t 630 cm - 1 and a broad 

abso rp t ion centred a t 1080 cm"1 (V*) , and l e a v i n g absorp t ions at 295> 

325, 805 and 945 cm"1 . The f a r i n f r a red spectrum o f t h i s p r o d u c t , p l o t t e d 

m Figure 46 shows absorp t ions a t 294«2 and 323*5 cm - 1 , which agree w e l l 

w i t h the f i g u r e s f o r the O S O 2 F s a l t , and are comparable w i t h the f i g u r e s 

quoted f o r the c a t i o n (CH 3 )3NC1. 

A smal l sample o f the product f rom the CH3OSO2F a l k y l a t i o n was 

d i s so lved i n water and i t s UV spectrum recorded. The change i n the 

spectrum w i t h t ime i s shown i n Figure 47> i n d i c a t i n g t h a t the sample was 

p a r t l y decomposed, as seen by the absorp t ion shoulder t o the peak a t 

235 nm. As the course o f the decomposit ion progresses , absorp t ions 

a t t r i b u t a M e to Br2 , a t 394 and 265 nm, appear, and the peak due t o 

(CHs^NBr ( a t 286 nm) slov ] y d isappears . 

Discuss ion And Conclusions 

Cons ider ing the s i m i l a r i t y o f the spectra obtained f o r (CNg^NCl O S O 2 F 

and C I O 4 w i t h those obta ined f rom the product o f the r e a c t i o n o f 

(CH3 )2NBr and CH3OSO2F and the aqueous r e a c t i o n o f t h i s p r o d u c t , i t i s 
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reasonable to suppose, desp i t e poor a n a l y t i c a l f i g u r e s , t h a t (CHs^NBr 
+ 

can be a l k y l a t e d to y i e l d the ( C H 3 ) 3 N B r c a t i o n , t h i s c a t i o n can be 

p r e c i p i t a t e d f rom aqueous s o l u t i o n s o f the f l u o r o s u l p h a t e by C I O 4 . 

Table 7 l i s t s the i n f r a red absorp t ions obta ined f o r C I O 4 and P S O 3 s a l t s 

o f ( C H 3 ) 3 N C 1 and ( C H 3 ) 3 N B r . 

TABLE 7 

INFRA RED ABSORPTIONS OBSERVED FOR CATIONS (CHQsNCl, AND (CIlQsNBr, cm" 1 

C I O 4 

FS0 3 

(CH 3 ) 3 NC1 336 403 315 935 

( C H 3 ) 3 N B r 295 325 805 945 

(CH 3 ) 3 NC1 335 400 820 940 

( C H 3 ) 3 N B r 295 325 805 945 

The v i b r a t i o n a l assignments are discussed i n Chapter 6, where the 

N - C l s t r e t c h i n g f requency was i d e n t i f i e d a t 400 cm"1 by i so tope s p l i t t i n g . 

I n the case o f ( C H 3 ) 3 N B r , n e i t h e r o f the bands a t 295 a M 325 cm" were 

apparen t ly s p l i t , however the rough c a l c u l a t i o n o f the expected s p l i t t i n g , 

as d e t a i l e d i n Chapter 6, i n d i c a t e s t h a t the separa t ion between ' ' B r and 

y , B r i so tope absorpt ions i s o f the o rde r o f 1.8 cm"1 a t 325 cm - 1 , and 

since the absorpt ions are very weak, as seen from the r e l evan t spec t ra , i t 

i s not unduly s u r p r i s i n g t h a t no s p l i t t i n g was observed. 

The ( C H 3 ) 3 N B r compounds were cons iderab ly l e s s s t ab le than the 

corresponding ch loro compounds, samples r a p i d l y changing f rom whi te t o 

dark red a t room temperature . 

The r e s u l t s obtained f rom the r e a c t i o n o f (CH 3 ) 2 NC1 and (CH 3 )0C10 3 

and the C I O 4 p r e c i p i t a t i o n o f (CH 3 ) 3 NC1 show t h a t i n s o l u t i o n s o f (CH 3 )5NCl2, 
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the c a t i o n e x i s t s , and f rom the UV evidence, does not c h l o r i n a t e H2O to 

give H0C1. 

I n a c i d s o l u t i o n , It NVR evidence p o i n t s t o the f o r m a t i o n o f 

(CHs^NH as a major decomposit ion product o f the c a t i o n , ( C l i s ^ N C l , the 

spectrum i n 0.05M HC1 a t 0°C being shovn d iag rammat ica l ly m Figure 47a. 

The spectrum cons i s t s o f two main f e a t u r e s between TMS and down f i e l d to 

T 6 . 0 , a s i n g l e t a t T 6 . 2 5 and a doub le t a t T 7 « 2 3 and 7 « l 8 . The double t 
+ 

s p l i t t i n g o f 5 ops and i t s p o s i t i o n , i n d i c a t e s (CHs^NH. 

The spectrum was s tud ied over a p e r i o d o f 1V2 hours and the r e l a t i v e 

peak i n t e n s i t y f o l l o w e d by i n t e g r a t i o n , as d e t a i l e d i n Table 8. 

TABLE 8 

1 H NMR DECOMPOSITION STUDY OF ( C H Q J T C I CI IN 0.05M HC1 

Time (hour ) I n t e g r a t e d Peak Area Temperature °C 
S i n g l e t Double t T o t a l 

S t a r t (10 mm o l d ) 2.9 4.1 7.0 0 

1 2.2 4.9 7.1 0 

1.5 0.1 6.8 6.9 40 (PROBE) 

The peak a t T 6 . 2 5 can be assigned to ( C h ^ ^ N C l methyl pro tons since 

i t s l owly disappears , and f rom the i n t e g r a t e d area r e s u l t s , i t i s r e l a t e d 

to the appearance o f a (ChaJsNH double t a t 7«23 and 7 » l 8 , the s p l i t t i n g 

o f which i s w i t h i n 0.5 cps o f t ha t determined f o r (CH 3 ) 3 NH i n 6M HC1. 

(5*5 cps, centred a t T 6 .84) . 
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FTSURE 47a 

DIAGRAM OF H NMR SPECTRIN OF (CHQ^NCl CIQ'A I N O.Q5M HC1 AT Q°C 

(CH3)3NC1 

H20 
Absorption 

Edge 

•25 

(CH3)3NH 

Over the period of the observation, no other absorptions were noted. 

Other methyl amines such as (CH3)2NH2 would appear up f i e l d from the 

(CH3)3NH absorption, and be s p l i t as a t r i p l e t . (CH3)2NC1 absorptions 

would appear between the (CH3)3NH peaks and the (C^ 3) 3NC1 sin g l e t , as a 

singlet, but with increasing i n t e n s i t y \,ith time. Indeed the integrated 

area t o t a l s f o r the two peak systems observed, regaining essentially constant 

indicating a straightforward replacement of CI m (CH3)3NC1 f o r H y i e l d i n g 

(CH3)3NH. The mode of formation of (CH3)3NH i n t h i s instance i s not 

immediately apparent since i t s presence implies that the chlorammonium 

cation has chlorinated either water, forming II0C1 and (CH3)3NH or i t s e l f 

forming chloro species such as C1CH2(CH3)2NC1. 
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The formation of H0C1 i s not apparent i n UV spectra of aqueous 

acid solutions of (CH3)3NC1 as shown i n Figure 26, and by E l l i s e t . a l . 
+ 

( l l O ) j but (CH3)3NH formation can be confirmed by p r e c i p i t a t i o n of the 

picrate as shoi/n m Figures 4S and 49* 

chlorinated cations would be apparent m the NL'R spectrum either as 

such, or as t h e i r decomposition products consisting of dealkylated amines. 

Thus m th3s instance i t would appear that H0C1 formation i s the most 

l i k e l y explanation f o r the presence of (CH3)3NR and absence of other 

2 carbon atom amines. 

The value of T6.25 f o r the methyl protons i n (CH3)3NC1, when compared 

with 6.84 f o r (CH3)3NH indicates an increase i n positive character of the 

methyl protons i n the chlorotrimethylammonium cation, which i s consistent 

with H i n (CH3)3NH being replaced by the more electronegative CI m 

(CH 3) 3NC1. 

The differences De-cween •nrime-cnyiamine complexes of other nalogens 

and that of chlorine are quite marked. The cnlonne complex i s white, 

and insoluble i n solvents such as acetone or chloroform, whereas the 

complexes (CH3)3NBr2 and (CH 3) 3Nl2 are f a i r l y deeply yellow coloured, and 

indeed are soluble i n acetone or chloroform but insoluble i n water. 

The i n f r a red spectra of three halogen complexes are shown i n Figure 39 » 

where the three spectra are superimposed. (CH3)3NCl2 cleai^ly d i f f e r s from 

the other two halogen complexes. 

Tn the solid phase (CH3)3NC1 can interact with CI to form (CH3)2NCl2 

as shown m Figure 40, which in t h i s case i s a KC1 disc of the CIO4 s a l t , 

the characteristic (CH 3) 3NCl2 bands between 300 and 350 cm"1 being clearly 
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s* s-
v i s i b l e indicating tnat f a i r l y extensive (CH3)3NC1....CI occurs, since 

i f t h i s interaction did not occur, the spectrum of (CH3)3NC1 would not 

be expected to change from that observed m a p a r a f f i n mull. I t i s 
reasonable to conclude that i n the solid phase (CH3)3NCl2 does not exist 

+ 
as (CH3)3NC1 CI. 

The proposition that other halogen complexes exist i n t h i s form i n 

the solid phase i s equally untenable since evidence from (CH3)2NBr 

alkylations indicate that the (CH 3) 3NBr cation has a d i f f e r e n t i n f r a red 

absorption spectrum to (CH 3) 3NBr2, i n which one would expect, i f 

(CH 3) 3NBr Br wholly existed, no significant spectral differences between the 

cations i n both species. 
4-

I t i s i n teresting to note that reactions between (CH3)3NC1 and I do not 

vi e l d (CH 3) 3NC1-I, i . e . revere? addition of TC] to tnmeth"lamine, but 

(CH 3) 3Nl2 as shown i.n Figure 41* This substitution can be considered as 

attack: of I on the cationic nitrogen i n (CH3)3NC1 forming (CH 3) 3NI which 

stabilised by the excess I forcing (CH3)3NT2. 

( C H 3 ) 3 N i c i — — (CH3)3ijr + Cl~ 
I 

(CH 3) 3N-I + f — ( C H 3 ) 3 N I 2 

This exchange process i s also true of (CH3)3NBr2 and I , where i n f r a red 

spectra of (CH3)3NBr2 recorded m KT pressed discs show the absorption of 

(CH 3) 3Nl2 and not (CH3)3NBr2 nor even (CH 3) 3NIBr, as shown m Figure ̂ 2, 

and indeed as Figure 42 shows, (CH 3) 3NIBr m a KI pressed disc also shows 

the absorptions of (CH3)3Nl2» 
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Thus i n conclusion, N-halai"ine cations of the type (CHs^NHal have 

been shown to exist as such m salts such as (CHs^NCl CIO4 and 

(CHs^NBr OSO2P, but the evidence i s against the formulatLon of addition 

complexes of the halogens and trimeth/lanune as (CHs^N—Hal Hal i n the 

solid phase as suggested by Bohme and Krause (lOS). 

The bromo salts are considerably less stable than the corresponding 

chloro derivatives, and i t would appear that under certain circumstances 

of pH and concentration (Ch^^NCl can produce H0C1 m water, although the 

evidence f o r t h i s i s not conclusive. 



C H A P T E R F I V E 

REACTIONS OF DIMETHYLHALAMINES WITH SIMPLE ALKYL HALIDES 
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Introduction 

I t was seen i n Chapter if, that with methyl esters of certain acids, 

i t was possible to form a chlorotrialkylammonium cation from 

dimethylchloramine, and that a similar s i t u a t i o n probably exists with 

dimethylbromamine, (CH3)2NBr. 

One class of methyl esters that were not discussed i n that chapter 

were the halides, CH3C1, CH3Br, and CH 3I. 

Classically, alkyl a t i o n of amines to form tetraalkylaramonium salts 

proceeds via nucleophillic attack of the a l k y l halide by the basic amine: 

H 

(CHs)sN--- iC—;I 

% 

(CH 3) 3N: + CH3I — — 

or 

r - \ n " * ^ i - * -

(CH 3) 4NI 

(CH 3) 3N: TCH 3J-I-~- (CH 3) 4NI 

and i n the case of (CH3)2NC1, an exactly analogous reaction occurred with, 

f o r example methyl perchlorate, CH3OCIO3: 

(CH3)2C1n/^CH3Q)-C103 (CH3)3NC1 CIO4 

I t was noted i n Chapter if that the al k y l a t i n g agents studied were 

powerful, as estimated by the 'H NMR absorptions of the methyl groups, 

indicating considerable polarisation of the C-X bond, i n f o r example 

CH30C103, the C-0 bond would be polarised: 

H3C-OCIO3 

The extent to which t h i s polarisation occurs compensates f o r the decrease 

in basicity of (CH3)2NC1 over say (CH3)2NH. 
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With a l k y l halides such as CH3I, the reaction with dimethylchloramine 

may well be considered to proceed via conventional l i n e s , y i e l d i n g a 

product consisting of trimethylchlorammonium cations: 

CH3I + (CH3)2NC1—•» (CH3)3NC1 I ~ 

The compound, (CH3)3NC1 I , i s isomeric with the well known addition 

complex of the Lewis acid IC1 and the base, trimethylamine, (CH 3) 3N: 

IC1 + (CH 3) 3N — — (CH 3) 3NIC1 

The remainder of t h i s chapter w i l l show that the product obtained 

from the reaction of, f o r example, (CH3)2NC1 and CH 3I, i s not s t r u c t u r a l l y 

isomeric with the addition complex (CH 3) 3NIC1, although can be empirically 

represented as C3HgNICl. 

X ray crystallographic studies, ( l l6) and supporting chemical and 

spectroscopic evidence w i l l be presented to show that the product from 

the CH3I,(CH3)2NC1 reaction i s CgH-^N^Cls and i s i n fact a 

tetramethylammonium s a l t with a novel pseudopolyhalide anion: 

( C H 3 ) 4 N " ( C H 3 ) 2 N ( l C l ) 2 

Results Aid Discussion 

I t has been found that CH 3I reacts with both dimethylchloramine and 

dimethylbromamine to y i e l d products which analyse as C3HgNXI, where 

X = CI, Br. 

The X ray work carried out by N. W. Alcock ( l l6) indicates that the 

product i s CgH-j^N2X2I2 which i s a tetramethylammonium compound containing 

the anion ( C H 3 ) 2 N ( l C l ) 2 . 
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Reaction Between CH.̂ Br And (CH.QpNCl 

The reaction of CH3Br with (CH3)2NC1 yielded a compound which 

analysed as CsHgNBrCl and t h i s compound was i d e n t i f i e d as the addition 

complex of trimethylamme and the interhalogen bromine mono chloride. 

(CH3)2NC1 + CH3Br — ( C H 3 ) 3 N BrCl 

With methyl chloride, dimethylchloramine yielded a mixture of 

amine salts of empirical formula C3H^NC1, which had no oxidising power, 

and t h i s together with spectroscopic evidence indicate that CH3C1 does 

not alkylate (CH3)2NC1 to y i e l d the expected (CH 3) 3NCl2. 

These results are summarised i n Table 9-

TABLE 9 

SUMMARY OF (CHQpNX, ALKYL HALIDE REACTIONS 

Reactant Product 

(CH 3) 2NC1, CH 3I (CH 3) 4N (CH 3) 2N(ICl) 2 

(CH 3) 2NBr, CH3I (CH 3) 4N (CH 3) 2N(lBr)i 

(CH3)2NC1, CH3Br (CH 3) 3NBrCl 

(CH3)2NC1, CH3C1 C 3H UNC1, (CH 3) 2NC1, CH3C1 

The i n f r a red absorptions of the products CH 3I, (CH3)2NC1; CH 3I, (CH 3) 2NBr, 

and CH3Br, (CH3)2NC1, are l i s t e d i n Table 10 and shown respectively i n 

Figures 50, 51 and 52 f o r the region I6OO-250 cm"1 , and Figures 53 and 

54 respectively f o r the region JOO-lfi cm"1 . 
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TABLE 10 

OBSERVED FREQUENCIES, CM~\ FOR THE PRODUCTS; 

Cfol/fCHQgNCl, Cfol/fCHQgNBr AND CfoBr/C CHO9NCI 

(CH B)pNCiyCH BI (Cft c)pNBr/OfaI (CHQpNCl/C 

3025 3020 3010 

2955 29 55 2990 

2910 2920 2920 

2855 2860 2850 

1495 1490 1475 

1485 1480 1460 

1460 1455 1430 

1440 1435 1400 

1400 1405 1260 

1160 1400 1220 

1145 1150 1100 

1010 1140 985 

945 1010 800 

880 94-5 500 

520 880 370 

4-65 505 

264.9 460 

126.9 261.2 

100.1 



I n i t i a l inspection of the spectra of products of alkylation of 

(CH3)2NC1 by CH 3Br and by CH3I indicate that there are two s t r u c t u r a l l y 

different compounds present, i n p a r t i c u l a r the region between 1200 cnf^ 

and 700 cm 1 show marked differences. 

The product of the reaction of (CH3)2NC1 with CH 3Br resembles, 

in the i n f r a red, the addition compounds of the halogens and interhalogens 

with tnmethylamine, as indeed the empirical formula suggests. 

I n order to examine, and perhaps confirm that CH 3Br alkylates 

(CH3)2NC1 to y i e l d a (CH 3) 3N, interhalogen addition complex, the 

preparation of the previously unreported (CH 3) 3NBrCl was attempted. 

Using a mixture of C l 2 and Br2 in CCI4 solution trimethylamine was added 

to y i e l d a yellow s o l i d whose i n f r a red spectrum indicated that (CH3)3NBr2 

had formed along with another complex which had a very similar i n f r a red 

spectrum, d i f f e r i n g largely i n the 500 cm"1 region. The elemental 

analysis indicated that chlorine was present i n t h i s mixture, and i t was 

thought that the additional absorptions indicated i n the spectrum were 

probably due to the presence of (CH 3) 3NBrCl. 

Further confirmation that (CH 3) 3NBrCl had formed i s found in an 

absorption at 280 cm"1 i n the i n f r a red, which i s absent in (CH 3) 3NBi2, 

and i s attributed to the Br-Cl absorption. This absorption compares well 

with that observed i n the pyridine analogue at 307 cm i n benzene 

solution, and 295 cm"1 i n the sol i d complex (ll7)« 

The presence of the 500 cm"1 absorption i n the spectrum of the 

(CH3)2NC1, CH 3Br product, and i n view of the great s i m i l a r i t y between t h i s 
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spectrum and that of the other (CH 3) 3N, halogen complexes, strongly 

suggests that (CH 3) 3NBrCl i s the product of the alkylation reaction. 

A more comprehensive discussion of the spectrum of (CH 3) 3NBrCl and its 

relationship with the other tnmethylamine, halogen and interhalogen 

complexes can be found in Chapter 6. 

I t i s thus int e r e s t i n g to note that t h i s i s not the expected product 

from such an al k y l a t i o n . I t would be expected that the reaction should 

proceed v i a a chlorotrimethylammonium cation, and thus y i e l d the complex 

but i n the reactions observed of the cation (CH 3) 3NC1, in Chapter 1+* the 

addition of bromide ions to aqueous (CH 3) 3NC1 yielded (CH 3) 3NBi2> where 

t h i s result was explained by nucleophillic attack of a bromide ion at the 

positive nitrogen centre: 

I n the case of (Ch^^NCl and CH3Br, the reaction probably proceeds 

bromide ion acts as a nucleophile, and attacks the now positive nitrogen, 

followed by the establishment of a Br-Cl bond at the same time as the 

N-Br bond dis s o c i a t e s : 

(CH 3) 3NClBr: 

(CH 3) 3NC1 B r — * - (CH 3) 3NClBr (CH3)2ClN:'CH3-'-Br 

3 N^Br^Bi (CH 3) 3NlCl (CH3)3NJ.Br'B (CH 3) 3NBr2 
'Br 

to the stage where the s a l t (CH 3) 3NC1 Br forms and then the newly formed 

3NJ-Brfc? ft (CH 3) 3NBrCl (CK 3) (CH3)2N:»CH3i.Br (CH 3) 3NlCl 

CI Br 
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Reaction Between CINJ And (CttQpNX, X = CI, Br 

The complexes formed between dimethylchloramme and bromamme 

and methyl iodide are, certainly spectroscopically different from the 

trimethylamine halogen addition complexes. The re l a t i v e s t a b i l i t y of 

the compounds towards heat i s noticeable i n the i n f r a red beam, 

(CH 3) 3NIC1 for examplei remaining yellow for considerably longer than 

the (CH 3) 2NC1, CH 3I product. 

The structure of the compound (Ch^^N (CH3)2N(TCl)2 has been 

shown, by low temperature X ray analysis, to contain the novel anion: 

CH3 CH3 

A -i i 
/ \ 

C l C I 

The X ray work was performed at the University of iVarwick, and the 

relevant c r y s t a l data are given i n Table I I . 

TABLE 11 

CRYSTALLOGRAPHIC DATA TOR (CHQAN (CU0 3N(TCl)p 

Crystal System: Honoclinic 

a b c p 

11.233(3) 5-773(1) 11.078(2) 98.24(2) 

C e l l Volume ( A 3 ) : 711.6(3) 

Space Group: £2 /6 

C e l l Dimensions (A) 

Data collected using a Syntex P2^ diffractometer at -60°C with an LT-1 low 
o 

temperature device and Mo radiation, = 0.710o9A 
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Further evidence confirming the indentity of the CH3I products as, 

(CHs)4N (CH3)2N(IX)2 can be found m comparing the spectra of the 

alkylation products with those of the parent halamine, where i t i s 

found that d i s t i n c t s i m i l a r i t i e s e x i 3 t f much i n the same way as the 

(CH 3) 3NIC1 spectrum resembles that of (CH 3) 3N. 

Table 12 l i s t s the observed frequencies f or (CHs^NCl, as a s o l i d 

film at -196°C, and compares the frequencies with those obtained for the 

alkylation product. The equivalent (CHs^NBr spectrum, as a solution i n 

CCI4, 1 S also l i s t e d , along with the observed spectrum of i t s CH3I 

alkylation product. The respective spectra are presented in Figures 55 

and 56 i n the region 11*00-250 cm"1 . 

I t i s inte r e s t i n g to note that the absorptions that do not readily 

" f i t " i n Table 12, those at 3020, 1490, 1405, 1400 and 945 cm"1 , are 

preci s e l y the absorptions due to the (Ch*3)4N cation. 

I t appears that i n the alkylation reaction the dimethylamino moiety 

has been retained. The i n f r a red spectrum of adducts of (Ch^^NCl are 

inter e s t i n g and lend further credence to the formulation of the 

CH3I, (CH3)2NC1 product as (CH 3) 4N (^3)2^101)2 • 

With I2, (CH3)2NC1 forms an addition compound, 

(CH3)2NC1 + I 2 — ( C H 3 ) 2 N C 1 . I 2 

This compound i s yello//, and in the i n f r a red s i m i l a r i t i e s e x i s t to the 

CH3I, (CH3)2NC1 product, especially at around 1150 cm" and at 500 cm . 

The i n f r a red spectra are shown in Figure 57, and the frequencies 

tabulated i n Table 13-
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TABLE 12 

COMPARISON OF INFRA RED SPECTRA OF (CHQgNCl AND 

(CHQgNBr AND THEIR CH^I ALKYLATION PRODUCTS 

(CH.QgNCl (CHOdfffCHOgNflClk (CHQAN( Cti^)MlBr)o (CHQgNBr 

(-196QC) ( s o l i d ) ( s o l i d ) (CCLi solid) 

3025 3020 
3000 3000 
2980 
2960 2956 29 55 2960 
29 25 
2910 2910 2920 2900 
2870 2885 

2855 2860 
2825 2820 
2780 2780 

1495 1490 
1480 1485 1480 
1455 1460 1455 1465 
1450 
1445 1445 
1435 1440 1435 1430 
1425 1420 
1415 
1400 1400 1405 i4i,o 

1400 
1210 1200 
1190 
1160 1360 1150 1175 

1145 1140 1145 
1010 1010 

1005 1000 
945 945 

910 900 
880 880 

595 535 
520 505 
465 460 

410 400 
380 
360 

265 261 



TABLE 13 

COMPARISON OF INFRA RED SPECTRA OF (CHO9NCI.I9 » 

(CHO9NCI (-196°C), (CHQpNCl/Cfol PRODUCT 

(CHQpNCl.I? 

1435 

1415 

1400 

1155 

1145 

1010 

880 

505 

4-55 

(CHQpNCl/ChM 

1495 

1485 

1460 

1440 

1400 

1160 

1145 

1010 
945 

880 

520 

475 

(CHOPNCI (-196°C) 

1480 

14-55 

1450 

1445 

1435 

1425 

1415 

-1400 

1210 

1190 

1160 

1005 

910 

595 

410 
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Where again the retention of the (Ch^^N moiety i s indicated, and 

further, that because of the marked s i m i l a r i t y , some form of (CH3) 2N-I 

interaction i s also indicated. The comparison between (CH3)2NCl.l2 

and (CH3)2NCl/CH3l product again points to the presence of (CH3)^N i n 

the alkylation reaction product. This i s emphasised by the absence 

of the strong 945 cm"1 band in (CH 3)2NCll2. 

The use of deuterated halamine and a l k y l halide species can again 

support the crystallographic structure. The products of the reaction of 

CH 3I and CD3I with (CH 3) 2NC1, CH3CD3NCI and (CD 3) 2NC1 were a l l prepared 

and are a l l yellow s o l i d s . The i n f r a red spectra of these products are 

shown i n Figures 58 to 63* The position of the absorption bands are 

l i s t e d for each complex i n Table 14* 

I t can be seen immediately from Figures 62 and 63, showing the 

i n f r a red spectra of the products CH 3I, CH3CD3NCI and CD 3I, (CH3)2NC1, 

that the two complexes are different indicating that the product of the 

alkylation reaction contains at l e a s t two different carbon atoms. 

Tne noted resemblance between (CH 3) 2NC1 and (CH 3)2NCl/CH3l spectra 

are again shown where the (CDs^NCl/CDsI product resembles (CDs^NCl. 

This i s shown in Figures 60, 6 l . Another int e r e s t i n g feature of the 

spectra i s the great s i m i l a r i t y the (CH3) 2NCl/CD3l product has with the 

(CH 3)2NCl/CH3l product. This indicates that the bulk of the spectrum i n 

the region 1400-250 cm-1 i s determined more by the dimethylamino structure 

than the a l k y l iodide, again consistent with structures where the 

(CH 3) 2N moaety i s retained, and indeed influenced only s l i g h t l y by the 
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IBABLE 14 

INPflA RED ABSORPTION FREQUENCIES, CM"1 , FOR PRODUCTS OF REACTIONS OF 

CIUI AND CD^I WITH (CHQgNCl, CIKCD^NCl, AND (CPQpNCl 

C f o l CD^T 

(CH.QpNCl CHsCD^NCl (CPQpNCl (CHppNCl ( C H Q C P S N C I ( C D ^ N C l 

1494 1420 1415 1430 1415 1135 

1463 1410 1410 1415 1405 1160 

1461 1395 1230 1400 1240 1115 

1433 1200 1170 1220 1185 1100 

1402 1080 1155 1165 1170 1055 

1159 1065 1100 1140 1155 870 

1145 1050 1085 1060 1130 820 

1010 1020 1060 1045 1095 815 

945 985 1050 1010 1060 795 

830 900 980 945 1025 725 

520 890 960 870 980 465 

465 840 945 845 960 425 

265 820 860 830 900 

770 850 810 870 

470 830 770 830 

430 815 515 810 

795 460 745 

775 265 490 

750 425 

450 

400 



presence o f the r e s t o f the molecule . 

The v i b r a t i o n a t 520 cm"1 i n (CH 3 )2NCl /CH 3 I i s l i t t l e a f f e c t e d 

by the use o f CD3I i n d i c a t i n g an independence o f t h i s v i b r a t i o n on 

C—P hnnds- Had t h i s v i b r a t i o n been a C—I Tode then i t vou ld be 

expected to s h i f t s i g n i f i c a n t l y w i t h the use o f CD3I i n s t ead o f CH3I. 

However, i n the case o f the r e a c t i o n o f CH3I w i t h (CD 3)2NC1 the band 

at 520 cm"1 has moved to 450 cm"* i n d i c a t i n g c l e a r l y t h a t t h i s v i b r a t i o n 

i s associa ted w i t h the (CH 3 )2N p a r t o f the C H 3 I , (CH 3)2NC1 p r o d u c t . 

Table 15 l i s t s the p o s i t i o n o f the abso rp t ion a t 520 cm-* i n the 

CH3"[/(CH3)2NC1 p r o d u c t , as a f u n c t i o n o f i n c r e a s i n g CD3 s u b s t i t u t i o n 

on the ch lo ramme. 

TABLE 15 

VARIATION OF 520 CM"1 VIBRATION WITH INCREASING 

CDs SUBSTITUTION OF (CH.QgNCl 

(CHs)gNCl CH3CD3NCI (CD B )gNCl 

CH3I 520 470 450 

CD3I 515 490 425 

An i n t e r e s t i n g f e a t u r e o f Table 15, i s the way the f r equenc ies f a l l 

i n t o three d i s t i n c t groups, one a t around 520 cm"1 , one a t around 

480 cm"1 , and a t h i r d a t around 440 cm - 1 . Since the band at 520 cm" 1 

i n the (CHs^NCl/CHsI product i s also p resen t , a t 505 cm~* , i n the 

(CH3)2NCll2 complex, i t i s reasonable t o assume t h a t i t i s a f u n c t i o n o f 

the (CH3)2N s t r u c t u r e . The grouping observed i n Table 15 can thus be 

expla ined m terms o f i n c r e a s i n g mass i n the (CHs^N m o i e t y . The group 

t h a t absorb a t 520, 515 cm - 1 c l e a r l y c o n t a i n (CH3)2N(lCl)2 ions w h i l s t 

those a t 425» 450 cm 1 con t a in (CD3)2N(lCl)2 i o n s . Thus the group a t 

470, 490 must con ta in CH 3 CD 3 N(lCl)2 i o n s . 



Thi s abso rp t ion i s u s e f u l i n p o s t u l a t i n g a poss ib l e mechanism f o r 

the r e a c t i o n . The f o r m a t i o n o f tetramethylammonium ions can be 

exp la ined i f d imethylch loramme i s a l k y l a t e d by methyl i o d i d e i n the 

normal way, as indeed occurred w i t h methyl bromide o r w i t h methyl 

p e r c h l o r a t e : 

(CH 3 ) 2 NC1 + C H 3 I — — (CH 3 ) 3 NC1I~ 

As has been seen w i t h methyl bromide, and the r eac t i ons o f the 

(CH3)3NC1 c a t i o n , noted i n Chapter the f o l l o w i n g can occur: 

(CH 3 ) 3 NC1 + f - - » - ( C H 3 ) 3 N I + C l~ 

The p r o d u c t i o n o f t r i m e t h y l a m i n e , necessary f o r (CH 3)4N p r o d u c t i o n , and 

I C 1 f o r (CH 3 )2N( lC l )2 p roduc t ion f o l l o w s : 

( C H 3 ) 3 N I + C I — * - (GH 3 ) 3 NIC1;5?= ( C H 5 ) 3 N + I C 1 

The t r ime thy l amine i s then a l k y l a t e d , i t now being the s t ronges t 

base p resen t , by a f u r t h e r mole o f C H 3 I : 

C H 3 I + ( C H 3 ) 3 H — ^ ( C H 3 ) # + I 

I C 1 , I , and (CH 3 )2NC1, then reac t to form the an ion : 

IC1 + f + ( C H 3 ) 2 N C l - » - ( C H 3 ) 2 N ( I C 1 ) 2 

F o l l o w i n g t h i s scheme through w i t h the v a r i o u s deutera ted compounds 

leads t o the f o l l o w i n g equat ions : 

2(CH 3 ) 2 NC1 + 2CH 3 I » - ( C H 3 ) 4 N ( C H 3 ) 2 N ( l C l ) 2 

2(CH 3 ) 2 NC1 + 2CD 3 I ( C H 3 ) 2 N ( C D 3 ) 2 ( C H 3 ) 2 N ( T C l ) 2 

2CH3CD3NC] + 2CH 3 I ( C H 3 ) 3 S ( C D 3 ) CD 3 CH 3 W(lCl) 2 

2CH3CD3NC1 + 2CD 3 I — CH 3 N(CD 3 ) 3 CD 3 CH 3 N( lC l ) 2 

2(CD 3 ) 2 NC1 +2CH 3 I ( C H 3 ) 2 N ( C D 3 ) 2 ( C D 3 ) 2 N ( l C l ) 2 

2(CD 3 ) 2 NC1 +2CD 3 I «•» ( C D 3 ) 4 N ( C D 3 ) 2 N ( l C l ) 2 " 



R e s u l t i n g m the f o r m a t i o n o f s i x d i s t i n c t compounds which was observed 

i n the s i x d i f f e r e n t i n f r a red spec t ra , and also t h a t these s i x compounds 

f a l l i n t o th ree groups o f two , each group having a common a n i o n . 

I n the non deute ra ted ins t ance , the v i b r a t i o n s a t 30201 1490, 1LQ5, 

1400, 945 and 4-60 cm" are accountable f o r by the c a t i o n ( C H s ^ N , a 

comparison o f these f requenc ies w i t h those found i n the l i t e r a t u r e f o r 

o t h e r (CH3)4N compounds i s given i n Table 16. 

TABLE 16 

COMPARISON OF INFRA RED ABSORPTION FREQUENCIES OF THE ( C H Q A N 

CATION WITH VARIOUS ANIONS (DATA ON C I , IBrp , AND 1̂  FROM REF. ( l l8)) 

( C H O A N (CHO;>N(lCl);> ( C H Q A N C I (CHQaNIBrp ( C H Q A N I ^ 

3020 3019 3020 3018 

1490 1490 1487 1478 

1405 1405 1416 1417 

1400 1398 1405 1409 

945 958 957 945 

460 456 458 456 

The remaining bands are t h e r e f o r e due to the an ion . The v i b r a t i o n s a t 

1]50, 1145» 880 and 520 cm^ are presumably s k e l e t a l modes o f the 

-1 -1 

dimethylamino m o i e t y . The s p l i t v i b r a t i o n s a t 1150 cm and 1145 cm , 

along w i t h the v i b r a t i o n a t 1010 cm 1 are presumably C-N s t r e t c h i n g modes 
A 

w h i l s t the absorp t ion a t 880 cm may be a CNC de fo rma t ion mode. The 
520 cm"1 mode may be a r o c k i n g o r t w i s t i n g mode o f the N(CH3)2 system 

-1 -1 i t d ropping f rom 520 t o 470 cm and f i n a l l y 450 cm on successive CD3 

s u b s t i t u t i o n s . I t s i n t e n s i t y i s f a i r l y l a r g e . The absorpt ions a t 265 cm 
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i n (CH 3 )4N (CH3)2N(ICl)2 could be associa ted w i t h the I - C l f u n c t i o n , s ince 

i n ( C H 3 ) 3 N I C 1 , IC1 was repor ted (120) a t 249 cm"1 . I n v a r i o u s I C l J s a l t s 

o f Rb and Cs t h e ^ mode o f the anion i s a t 282 (Rb) and 268 ( C s ) , w h i l s t 

the s t r o n g ^ 3 i s a t 218 cm - 1 i n both ( 1 1 9 ) . 

The v i b r a t i o n was also found i n the corresponding (CH3)2N(lBr)2 

analogue which perhaps suggests t h a t t h i s band i s also a s k e l e t a l mode o f 

the CN framework, perhaps a N(CH 3)2 wagging mode, i t c e r t a i n l y appears a 

l i t t l e h i g h f o r a N - I v i b r a t i o n , since i n ( C R s ^ N I C l the N - I mode i s 

r epor t ed a t 196 cm - 1 , d ropp ing to 172 cm"1 i n ( C H s ^ N I B r ( 1 2 0 ) , However, 

i n view o f the shor ten ing o f the N - I d i s t a n c e , f rom 2.30A i n (CH 3)3NTC1 
o 

(122) t o 2.218A i n the an ion , ( l l 6 ) , i t i s expected t h a t the N - I frequency 

would increase i n the an ion , which would be accompanied by a corresponding 

r e d u c t i o n i n the I - C l f r equency , since the IC1 bond l e n g t h i s longer i n 

the anion ( 2 . 6 7 1 , ( l l6)) than i n ( C H 3 ) 3 N I C 1 ( 2 . 5 2 , (122)). 

The band a t 127 cm appears a more l i k e l y contender f o r the I - C ] 

assignment w i t h the 100 cm"1 band being an N - I - C I de fo rma t ion mode, i t 

be ing found a t 147 cm"1 i n ( C H 3 ) 3 N I C 1 (120). 

The i n f r a red spectrum o f the m e t h y l a t i o n product o f d imethy lch loramine 

w i t h methyl i o d i d e thus supports the c r y s t a l l o g r a p h i c evidence f o r the 

product f o r m u l a t i o n as (CH 3 )4N ( C H 3 ) 2 N ( l C l ) 2 , and s t r o n g l y suggests t h a t 

the l e s s s t ab l e bromo analogue i s o f s i m i l a r s t r u c t u r e , 

( C H 3 ) 4 N ( C H 3 ) 2 N ( l B r ) 2 \ 

1 H NMR spec t ra , run i n acetone, a so lvent i n which a l though 

d i s s o l v i n g the m a t e r i a l does not a l l o w success fu l c r y s t a l l i s a t i o n , y i e l d 

f u r t h e r suppor t ing evidence f o r t h i s s t r u c t u r e . Two s i n g l e t s were 

observed, a t -30°C, atT6.97 and 6.85, f rom e x t e r n a l TMS, The i n t e g r a t e d 

r a t i o was found to be r e s p e c t i v e l y 2 : 1 . 
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The r e a c t i o n o f t r ime thy l amme w i t h the compound (CH3)4N(CH3)2N(lCl)2 

and product f rom the CD3I a l l e v i a t i o n o f (CHs^NCl i s i n t e r e s t i n g , s ince 

the r e a c t i o n products contained tetramethylamraonium c a t i o n s , c o n f i r m i n g 

the presence o f the c a t i o n i n the s t a r t i n g m a t e r i a l , and the base 

((CH3)2N)2CH2, te t ramethylmethylenediamine , a product found i n the 

r e a c t i o n o f (CR^^NCl w i t h ( C H g ^ N . The o v e r a l l s t o i c h i o m e t r y i n d i c a t e d , 

can be expressed by the equa t ion : 

( C H 3 ) 4 N ( C H 3 ) 2 N ( I C l ) 2 +2(CH 3) 3N — ( C H 3 ) 4 N + ( C H 3 ) 3 N H + f + I C l ^ + ( ( C H 3 ) 2 N ) 2 C H 2 

When the products o f t h i s r e a c t i o n , a f t e r removal o f the base ( (CH3) 2 N) 2 CH2, 

were t r e a t e d w i t h NaOH, o n l y (CHs^N was f o u n d . 

A s i m i l a r r e a c t i o n , when c a r r i e d out on the product o f the r e a c t i o n 

between C D 3 I and (CH 3 )2NC1, y i e l d e d ( C H 3 ) 3 N on NaOK treatment o f s o l i d 

r e s idues , and o n l y C-D bonds were found i n the s o l i d phase. The r e a c t i o n 

i s thus i n d i c a t e d : 

( CD3 ) 2 N ( CH3 ) 2 ( CH3 ) 2 N ( I C 1 ) 2 +( CH 3 ) 3 N —— ( CD3 ) 2 M ^ H ^ I + I C 1 ^ +( CH 3) 3NH+( ( CH 3 ) 2 N) 2 C H2 

I t i s thus c l e a r t h a t the r e a c t i o n between t r ime thy lamine and 

( C H 3 ) 4 N ( C H 3 ) 2 N ( l C l ) 2 i n v o l v e s on ly the an ion , and t h a t the dimethylamino 

p o r t i o n s remains i n t a c t . A p o s s i b l e r e a c t i o n scheme would be: 

( C H 3 ) 4 N ( C H 3 ) 2 N ( l C l ) 2 + ( C H 3 ) 3 N — ( C H 3 ) 3 N I C 1 + ( C H s ) ^ + ( C H 3 ) 2 N I C r 

( C H 3 ) 2 N I C 1 — ( C H 3 ) 2 N C 1 + I ~ 

(CH 3 ) 2 NC1 + ( C H 3 ) 3 N — ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 + HC1 

HC1 + ( C H 3 ) 3 N I C 1 • (CH 3 ) 3 WH I C 1 2 

r e s u l t i n g m an o v e r a l l r e a c t i o n : 

( C H 3 ) 4 N ( C H 3 ) 2 N(IC1)2 +2(CH 3) 3N — » • (CH 3) 4N+(CH 3)3NH+ICI2 +1+((CH 3 ) 2 N ) 2 CH2 
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From the X ray work, the N - I and I - C l d i s tances are 2 . 2 l 8 ( 6 ) A and 

2 . 6 7 l ( 3 ) A r e s p e c t i v e l y , and the N - I - C I system i s almost l i n e a r , 

N - I - C l = 1 7 6 . 9 ( l ) ° > w i t n the o the r angles about the n i t r o g e n close to 

the t e t r a h e d r a l v a l u e s . 

One p a r t i c u l a r analogue o f t h i s anion i s the Itj i o n , which i s found t o be 

V shaped ( l 2 l ) , as ( C H 3 ) 2 N ( l C l ) 2 e s s e n t i a l l y i s , so i t i s pos s ib l e to 

cons ider ( C I ^ ^ N - a s a pseudohal ide . 

The N - I bond l e n g t h o f 2.218A, i s s h o r t e r than the N - I l e n g t h i n 

( C H s ^ N I C l , which i s 2.30A ( 1 2 2 ) , and a corresponding l eng then ing o f the 

I - C l d i s t ance o f 2.671 m the an ion , compared to 2.52 i n ( C H s ^ N I C l . 

Such a shor ten ing o f the N - I bond l e n g t h i s cons i s t en t w i t h a 

s t ronger N - I i n t e r a c t i o n than i s present i n f o r example ( C ^ ^ N I C l , 

perhaps as a consequence o f the nega t ive charge being d e l o c a l i s e d over 

the I - N - I system. Such d e l o c a l i s a t i o n has been proposed to account f o r 

the apprec iab le i o n i c charac te r found i n the I C I 2 anion ( l 2 l ) , f rom NQR 

measurements, where i t i s suggested t h a t the i o n i c charac te r o f the 

I - C l bond corresponded to about a h a l f an e l e c t r o n on each c h l o r i n e atom. 

I n summary, methyl i o d i d e r eac t s w i t h d imethylchloramine i n a 

conven t iona l manner y i e l d i n g , a c a t i o n i c species which rearranges and 

f u r t h e r reac ts to y i e l d a nove l anion i n which i t can be thought t h a t 

the dimethylamino group acts as a pseudohal ide . 

W i t h me thy l bromide, d imethylch loramine d i d no t reac t i n e x a c t l y the 

same way, but evidence p o i n t s to conven t iona l a l k y l a t i o n f o l l o w e d by 

n u c l e o p h i l l i c a t t a c k o f bromide i o n to y i e l d the charge t r a n s f e r complex 

( C H 3 ) 3 N B r C l . 
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W i t h methyl c h l o r i d e , i n view o f the recovery o f some o f the s t a r t i n g 

m a t e r i a l s , i n d i c a t e s no r e a c t i o n but decomposi t ion o f the chloramine . 

The r e a c t i o n o f d imethylchloramine w i t h methy l i o d i d e and bromide 

+ 
X 

? 

( C H 3 ) 2 N : ^ C H 3 i | — — ( C H 3 ) 3 N 

c i c i 

$ ( C H 3 ) 3 N + - H * - ( C H 3 ) 3 N X + C l " 

( C H 3 ) 3 N - X + C l ( C H 3 ) 3 N » - X - C l 

on the basis t h a t the N - I bond i s l e s s s tab le than the N-Br bond, when 

X = Br the r e a c t i o n proceeds no f u r t h e r , but when X = I then the r e a c t i o n 

proceeds thus : , 

C H 3 I ^ , , 

( C H 3 ) 3 N - I - C 1 m- ( C H 3 ) 4 N + IC1 + i " 1 

(CH 3 ) 2 NC1 + I + I C 1 — » - ( C H 3 ) 2 N ( I C 1 ) 2 

Exper imenta l 

1. The React ion Of Dimethylchloramine W i t h Me thy l I o d i d e 

The r e a c t i o n between pure anhydrous d ime thy l ch lo ramme , (CH 3 )2NC1, and 

pure anhydrous methyl i o d i d e , C H 3 I , was s tud ied i n a weight ana lys i s c e l l 

on the vacuum l i n e . 

D ime thy lch lo ramme, 1.6472 g , (20.72 m m o l e ) , was condensed i n t o a 

Rota f low weight a n a l y s i s c e l l , f o l l o w e d by an excess, 5*4312 g , 

(38.25 m mole) methyl i o d i d e . 

The weight ana ly s i s c e l l was a l lowed to warm s l o w l y to room temperature 

where, a f t e r a p e r i o d o f approximate ly t h i r t y minutes a q u a n t i t y o f y e l l o w 

s o l i d had p r e c i p i t a t e d . The r e a c t i o n was stopped a t t h i s p o i n t by c o o l i n g 

the Rota f low to -196°C, and then d i s t i l l i n g out a l l the v o l a t i l e p r o d u c t s , 



by a l l o w i n g i t to warm up s lowly t o room temperature* The r e s i d u a l mass 

o f the Ro ta f low was determined and r e tu rned t o the vacuum l i n e , f r o z e n 

at -196°C, and the reac tan t s r e t u r n e d . A f t e r a p e r i o d o f 10-15 minutes , 

the process was repeated and i t was found t h a t the r e s i d u a l mass o f the 

Rota f low d i d not va ry s i g n i f i c a n t l y f rom the p rev ious d e t e r m i n a t i o n , and 

i t was concluded t h a t the r e a c t i o n had reached comple t ion . 

From the mass o f product formed, and on the bas is o f the equa t ion 

(CH 3 ) 2 NC1 + C H 3 I — * - C 3 H 9 N C l I 

the r e a c t i o n had gone to almost 100$ comp le t i on . ^ ^ ' 

The e lemental ana lys i s conf i rmed the e m p i r i c a l fo rmula C 3Ho,NClI, 

which r e q u i r e s , ( $ ) ; C, 16.26; H , 4,07; N , 6.32; C I , 16.03; I , 57*32. 

Found, ( $ ) ; C, 16.40; H , 4.07; N , 6.03; C I , 16.16; I , 55.40. 

The i n f r a red spectrum o f the produc t was recorded as a n u j o l m u l l 

betvreen Cs l p l a t e s p r o t e c t e d w i t h po lye thy l ene f i l m , and i s sho/m i n 

F igure 50. The f a r i n f r a red was recorded as a t h i c k m u l l i n n u j o l , m 

an a i r t i g h t c e l l between po lye thy lene d i s c s , and a p l o t o f the spectrum 

i s shown i n F igure 53* 

Perdeuteromethyl i o d i d e , C D 3 I , was used i n c o n j u n c t i o n w i t h v a r i o u s l y 

dea tera ted d imethy lch lo ramines , to prepare deu te ra ted examples o f the 

product CsHgNClI. The method employed was e x a c t l y analogous t o t h a t 

descr ibed above, namely the d i r e c t i n t e r a c t i o n o f the a l k y l i o d i d e w i t h 

d imethylch loramine w i t h o u t s o l v e n t . By t h i s method the products l i s t e d 

i n Table 17 were p repared . 
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TABLE 17 

Reactant3 Product I n f r a Red Spectrum 

C H 3 I , CD3CH3NCI C 3H 6D 3NC1I 

C 3 H 3 D 6NC1I 

C 3 H 6 D 3NC1I 

C 3 H 3 D 6NC1I 

62 

CH3I, (CD 3) 2NC1 58 

C D 3 I , (CH 3) 2NC1 63 

CD3I, CD3CH3NC1 59 

C D 3 I , (CD 3) 2NC1 C 3DgNClI 60 

The p r e p a r a t i o n o f the deutera ted chloramines was performed by the 

method d e t a i l e d i n Chapter 2, where the deu te ra ted amine was t r e a t e d w i t h 

an excess o f N-ch lo rosucc in i ra ide : 

Attempts were made to produce c r y s t a l s o f the compound C 3HgNClI 

s u i t a b l e f o r X ray work . A v a r i e t y o f so lvents were used t o c r y s t a l l i s e 

the m a t e r i a l , but none met wixn r ep roduc ib l e success. I n most cases r a p i d 

darkening o f the so lven t occur red , i n d i c a t i n g decomposi t ion . The most 

p r o m i s i n g , l i q u i d S 0 2 , y i e l d e d a s t rong s o l u t i o n a t -8 l f°C, but on warming 

above t h i s temperature the s o l u t i o n r a p i d l y darkened, t u r n i n g b lack a t 

room tempera ture . Table 18 summarises the so lven t s used and the r e s u l t s 

ob t a ined . 

Attempts to p r e c i p i t a t e a c r y s t a l l i n e product f rom s o l u t i o n s o f 

C3H^NC1I by adding so lven ts i n v/hich the complex was i n s o l u b l e , f o r 

example CCI4 o r the aromatic hydrocarbons benzene o r to luene , y i e l d e d 

o n l y powders. The method t h a t met w i t h most success was by p r e p a r i n g 

the compound i n excess d ime thy lch lo ramine . Approximate ly 1 mm cubes 

were obta ined i n t h i s way but u n f o r t u n a t e l y were twinned , however p r epa r ­

a t i o n o f the compound a t -30°C i n t e t r a h y d r o f u r a n , over severa l months, 

CD3CH3NH + (CH 2 C0) 2 NC1—— CD3CH3NC1 + (ClfeCO^NH 
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was found success fu l ( l l 6 ) . 

TABLE 18 

CRYSTALLISATION OF C^H^NCII IN VARIOUS SOLVENTS 

Solvent 

CH3CN 

(CH 3 ) 2 C0 

(CH 3) 2NCH0 

( C 6 H 5 ) C H 3 

( C H 3 ) 2 S 0 2 

HCONIfe 

CgH N0 2 

C6H6 

S0 2 (1 ) 

(CH 3 ) 2 NC1 

S o l u t i o n S t a b i l i t y 

F a i r 
(room temperature) 

Poor 

(room temperature) 

F a i r 
(room temperature) 

F a i r 
(room temperature) 

Poor 

(room temperature) 

Poor 

(room temperature) 

Poor 
(room temperature) 
Apparen t ly good 
(-84°C) 
Apparen t ly good ^ 
(0°C) 

CQjnnignt s 

S t a r t i n g m a t e r i a l recoverab le , u s u a l l y 
as a f i n e powder and o f t e n brown. 
C r y s t a l s ob ta ined on ly once. 

Fine powder r ecoverab le , f r e q u e n t l y 
darkened i n c o l o u r . 

Pumping so lven t o f f y i e l d e d t i n y 
cubes. C r y s t a l l i s i n g by evapora t ion 
y i e l d e d f i n e powder, very da rk . 

Only very s l i g h t l y s o l u b l e . Fine 
y e l l o w powder recovered . 

7 
I n s o l u b l e . 

I n v o l a t i l e s o l v e n t , very dark t a r 
recovered on pumping. 

Very s l i g h t l y s o l u b l e . 

Very s l i g h t l y s o l u h l e . 

Immediate decomposi t ion at temperatures 
i n excess o f -84°C. 

P repa ra t ion i n excess (CH 3 ) 2 NC1 
y i e l d e d c r y s t a l s o f s u i t a b l e s i z e , 
but tw inned . 

C2h*50H F a i r Fine powder recovered. 



198 

2. The React ion Qf (CH.QpNCl W i t h Me thy l Bromide 

The r e a c t i o n o f d imethylchloramine and methyl bromide was s tud ied 

m a sealed, 16 mm OD pyrex r e a c t i o n ampoule, over a p e r i o d o f severa l 

months, a t -23°C. 

A 16 mm OD heavy w a l l e d pyrex r e a c t i o n ampoule, was evacuated on the 

vacuum l i n e and 0.78if3 g (9«86 m mole) d imethy lcn loramine in t roduced by 

condensation a t -196°C. A f t e r the i n t r o d u c t i o n o f 2.6132 g (27.53 m mole) 

methyl bromide a t -196°C, the ampoule was sealed, and al lowed t o warm to 

room temperature w i t h occas iona l shaking . 

The ampoule was placed i n a f r e e z e r a t -23°C f o r approximate ly 

12 weeks. The progress o f tne r e a c t i o n being observed f rom t ime t o t i m e , 

by n o t i n g the amount o f s o l i d m a t e r i a l separa t ing a t the base o f the 

ampoule. A f t e r 12 weeks no f u r t h e r increase i n the amount o f s o l i d 

m a t e r i a l was apparent , and the ampoule was then a l l o v e d to warm to room 

temperature , and f i t t e d t o an ampoule b reaker . 

The ampoule was f r o z e n a t -196°C and opened t o the f r a c t i o n a t i o n 

sec t ion o f the vacuum l i n e , and no s i g n i f i c a n t manometer depression v/as 

observed, i n d i c a t i n g the absence o f any non condensible m a t e r i a l . The 

ampoule was a l lowed to warm to room temperature w h i l s t the v o l a t i l e 

contents d i s t i l l e d through a t r a p a t -84°C and i n t o a t r a p a t -196°C. 

The s o l i d res idue was t r a n s f e r r e d to the d r y box, and the i d e n t i t y 

o f the components o f the v o l a t i l e f r a c t i o n determined by i n f r a red 

spectroscopy. Only methyl bromide and d imethylch loramine was observed i n 

the v o l a t i l e fiaction. 

1.3768 g o f a pa le y e l l o w s o l i d was i & o l a t e d f rom the ampoule i n 

the d r y box, and elemental ana ly s i s i n d i c a t e d the e m p i r i c a l f o r m u l a 
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C 3 H g NClBr: found ( # ) , C, 20.55; H , 5.03; N , 8,02; C I , 20.30; B r , 44.93: 

C 3 H 9 NClBr r e q u i r e s , ( # ) , C, 20.64; H, 5.16; N , 8.03; C I , 20.35; B r , 45.80. 

The i n f r a red spectrum was recorded as a n u j o l m u l l between Csl p l a t e s 

and i s shown i n F igure 52. 

The Prepa ra t ion Of (CH.QsNBrCl 

The m t e r h a l o g e n B r C l was prepared by m i x i n g s o l u t i o n s o f C I 2 and 

B12 i n carbon t e t r a c h l o r i d e . 

A s o l u t i o n o f bromine i n carbon t e t r a c h l o r i d e was made up by adding 

approximate ly 0.7 g B12 t o 10 cm^ d r y CCI4 by condensation o f the carbon 

t e t r a c h l o r i d e onto the f rozen B12 a t -196°C on the vacuum l i n e . 

A s o l u t i o n o f c h l o r i n e i n carbon t e t r a c h l o r i d e was made up by 

bubb l ing C l 2 gas i n t o 100 ml CCI4 a t room temperature u n t i l s a tu r a t ed . 

The s t rengths o f the s o l u t i o n s were es t imated by adding a known volume 

o f aqueous K I s o l u t i o n , o f known c o n c e n t r a t i o n , t o an a l i q u o t o f the 

halogen s o l u t i o n , and t i t r a t i n g the l i b e r a t e i o d i n e w i t h K I 0 3 . 

By t h i s method the bromine s o l u t i o n was found to be 0.0715 g Br2 /cm^, 

and bhe c h l o r i n e s o l u t i o n , 0.0855 g Cl2 / c m ^ . 

The s o l u t i o n s were mixed i n the r a t i o according to the r e a c t i o n : 

B12 + C l 2 = ^ 2BrCl 

such thab 10 cm^ o f the bromine s o l u t i o n was mixed w i t h 3«7 cm^ o f the 

c h l o r i n e s o l u t i o n , so t h a t the mix tu re was almost equimolar . 

To the pale red s o l u t i o n o f the mixed halogens, a s o l u t i o n o f 

t r ime thy lamine i n sodium d r i e d hexane was added. The t r ime thy lamine 

s o l u t i o n was made up by d i s s o l v i n g 5*2797 g ( C H 3 ) 3 N i n 100 cm^ sodium 
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d r i e d hexane, on the vacuum l i n e . The s o l u t i o n thus contained 0.0528 g 

pe r cm^, and 10 cm^ was used m the r e a c t i o n . As the amine s o l u t i o n was 

added to the mixed halogen s o l u t i o n , an immediate p r e c i p i t a t e occurred 

which v/as ve ry pale y e l l o w i n c o l o u r . 

The p r e c i p i t a t e v/as separated on a s i n t e r e d glass f i l t e r and washed 

once w i t h d r y hexane and al lowed to dry to a f r e e f l o w i n g pale y e l l o w 

powder on tne s i n t e r . 

The i n f r a red spectrum o f the m a t e r i a l , shown i n F igure 62<» cons i s t s 

o f a mix tu re o f two ( C h ^ ^ N adducts . There v/as no evidence o f ( C h s ^ N C ^ 

f o r m a t i o n . The a n a l y t i c a l f i g u r e s show t h a t the compound i s not pure ; (%) , 

C, 19.61; H , 5.19; N , 7.25; C I , 17.69; B r , 50.03. C 3 H 9 NBrCl r e q u i r e s , ( $ ) , 

C, 20.64; H , 5.16; N , 8.03; C I , 20.35; B r , 45.80. 

Figure 64 supports the mix tu re p r o p o s i t i o n , s ince the absorp t ions 

appear broad, and the v i b r a t i o n a t around 500 cm ^ i s s p l i t , i n d i c a t i n g 

more than one (CH 3 ) 3 N-XY adduct . 

Comparing F igure 64 w i t h F igure 65, which i s a genuine spectrum o f 

(CHs^NBr^ , i n d i c a t e s t n a t the r e s u l t o f the r e a c t i o n between ( C H 3 ) 3 N and 

the mix tu r e C l ^ , B i ^ conta ins (CH 3 ) 3 NBi2 and presumably ( C H 3 ) 3 N B r C l , s ince 

the spectrum o f the r e a c t i o n product and t h a t o f (CH 3 ) 3 NBr2 are very 

s i m i l a r , i n d i c a t i n g t h a t the t o t a l p roduct conta ins o n l y ( C H 3 ) 3 N - adducts , 

and since the (CH 3 ) 3 NBi2 spectrum can be found i n the product spectrum, 

the remaining band a t 500 cm , a long w i t h the presence o f CI i n the 

a n a l y s i s , i n d i c a t e s t h a t ( C H 3 ) 3 N B r C l has fo rmed . The B r - C l v i b r a t i o n 

can be found a t 278 cm - 1 i n the f a r i n f r a r ed , ( F i g u r e 66). 
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3. The R e a c t i o n Of Dim e t h y l c h l o r a m m e W i t h M e t h y l C h l o r i d e 

The r e a c t i o n be tween d i m e t h y l c h l o r a m i n e ( C H s ^ N C l , and m e t h y l 

c M o r i d e , C H 3 C I , was s t u d i e d i n a sea led t u b e a t 0°C f o r s e v e r a l m o n t h s . 

A 16 mm heavy w a l l e d p y r e t amponlp was p v a c u a t e d and f r o z e n a t 

-196°C on t h e vacuum l i n e . D i m e t h y l c h l o r a m m e , 0.4875 g (6.13 m m o l e ) 

was i n t r o d u c e d by c o n d e n s a t i o n . 

A s t a n d a r d volume o f 2.3343 l i t r e was a t t a c h e d t o t h e f r a c t i o n a t i o n 

s e c t i o n o f t h e vacuum l i n e and e v a c u a t e d . M e t h y l c h l o r i d e , C H 3 C I , was 

a d m i t t e d t o t h e f r a c t i o n a t i o n s e c t i o n and s t a n d a r d v o l u m e , u n t i l a 

d e p r e s s i o n o f a p p r o x i m a t e l y 10 cm was r e c o r d e d . The sys tem was a l l o w e d 

t o s t a b i l i s e and t n e a c t u a l d e p r e s s i o n r e c o r d e d u s i n g a c a t h e t o m e t e r , 

and was f o u n d t o be 8,696 cm H g . The s t a n d a r d volume was i s o l a t e d , and 

t h e excess m e t h y l c h l o r i d e pumped away, t h e c o n t e n t s o f t h e s t a n d a r d 

vo lume were t h e n concensed i n t o t h e r e a c t i o n ampoule c o n t a i n i n g d i m e t h y l -

c h l o r a m m e . By n o t i n g t h e tempex-ature and a t m o s p h e r i c p r e s s u r e d u r i n g 

the t r a n s f e r e n c e o f m e t h y l c h l o r i d e i t was f o u n d t h a t 0.5564 g (11.02 m 

m o l e s ) had been added . The ampoule was t h e n s e a l e d and a l l o w e d t o a t t a i n 

room t e m p e r a t u r e w i t h o c c a s i o n a l s h a k i n g and t h e n s t o r e d a t a r o u n d 0°C i n 

a r e f r i g e r a t o r . 

The r e a c t i o n was a l l o w e d t o c o n t i n u e and t h e amount o f s o l i d m a t e r i a l 

f o r m i n g was n o t e d p e r i o d i c a l l y u n t i l a f t e r a p p r o x i m a t e l y s i x months no 

f u r t h e r p r e c i p i t a t i o n appeared t o be o c c u r r i n g . 

The ampoule was a t t a c h e d t o an ampoule b r e a k e r and f i t t e d t o t h e 

f r a c t i o n a t i o n s e c t i o n o f t h e vacuum l i n e , f r o z e n a t -196°C, and opened t o 

t h e manometers , where no s i g n i f i c a n t d e p r e s s i o n was n o t e d . The ampoule 
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was a l l o w e d t o s l o w l y warm t o room t e m p e r a t u r e , w h i l s t t h e v o l a t i l e 

f r a c t i o n d i s t i l l e d t h r o u g h a t r a p a t - & V C and was c o l l e c t e d a t - 1 9 6 ° C . 

I n f r a r e d s p e c t r o s c o p y r e v e a l e d t h a t ( C H s ^ N C l was c o l l e c t e d a t 

-84°C w h i l s t a t - 1 9 6 ° C a m i x t u r e o f p r e d o m i n a n t l y m e t h y l c h l o r i d e and 

some d i r a e t h y l c h l o r a m m e was p r e s e n t . The f r a c t i o n c o l l e c t e d a t -84°C was 

d i s t i l l e d i n t o t h e t r a p a t - 1 9 6 ° C , t h e c o u r s e o f t h e d i s t i l l a t i o n b e i n g 

m o n i t o r e d by i n f r a r e d s p e c t r o s c o p y and no f u r t h e r components were 

d e t e c t e d . 

The s o l i d r e s i d u e i n t h e ampoule was t r a n s f e r r e d t o t h e d r y box 

and t h e w h i t e f r e e f l o w i n g powder a n a l y s e d a s , ( a p p r o x i m a t e l y ) , 

C 3 H 1 : L N C 1 . Pound ( j S ) , C, 36 .68 ; H , 1 0 . 7 5 ; N , 1 5 . 8 3 ; C I , 3 5 . 6 3 . The i n f r a 

r e d s p e c t r u m o f t h e s o l i d m a t e r i a l was r e c o r d e d as a n u j o l m u l l be tween 

C s l p l a t e s and i s shown i n F i g u r e 6 7 . 

The o x i d i s i n g power o f t h e p r o d u c t was t e s t e d by d i s s o l v i n g an 

a l i q u o t o f t h e w h i t e s o l i d i n d i s t i l l e d w a t e r , and a d d i n g a c i d i f i e d 

p o t a s s i u m i o d i d e s o l u t i o n . No i o d i n e fo rmed as i n d i c a t e d by no c o l o u r 

change on t h e a d d i t i o n o f a few d r o p s o f s t a r c h s o l u t i o n . 

4. The R e a c t i o n Of D i m e t h y l b r o m a m i n e j ( C H p g N B r , W i t h M e t h y l I o d i d e 

The r e a c t i o n be tween m e t h y l i o d i d e and d i m e t h y l b r o m a m i n e was c a r r i e d 

o u t i n c a r b o n t e t r a c h l o r i d e s o l u t i o n because o f t h e g r e a t i n s t a b i l i t y o f 

p u r e ( C H s ^ N B r a t room t e m p e r a t u r e . 

D i m e t h y l b r o m a m i n e , was p r e p a r e d i m m e d i a t e l y p r i o r t o t h e a d d i t i o n 

o f m e t h y l i o d i d e , by t h e method d e s c r i b e d i n C h a p t e r 2 , i n t h i s i n s t a n c e , 

t h e h a l a m i n e was p r e p a r e d i n c a r b o n t e t r a c h l o r i d e s o l u t i o n . 5 .0124 g 
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(28 .17 m m o l e ) N - b r o m o s u c c m i m i d e was s l u r r i e d i n a p p r o x i m a t e l y 10 cm 

d r y c a r b o n t e t r a c h l o r i d e m a 100 cm^ b e a k e r . To t h i s s l u r r y , 5 c u ^ 

o f a s o l u t i o n o f d i m e t h y l a m m e m CCI4, made up by c o n d e n s i n g 10.4315 g 

( C H 3 ) 2 N H i n t o 100 cm^ CCI4 o n the vacuum l i n e , was r u n i n f r o m a b u r e t t e . 

The s l u r r y was s t i r r e d f o r a p p r o x i m a t e l y 20 m i n u t e s and t h e now w h i t e 

r e s i d u e f i l t e r e d f r o m t h e g r e e n i s h y e l l o w s o l u t i o n o f ( C H 3 ) 2 N B r i n CCI4 . 

The r e s i d u e on t h e f i l t e r was washed w i t h CCI4 and t h e t o t a l vo lume o f 

s o l u t i o n made up t o 20 cm^. The c o n c e n t r a t i o n o f ( C H 3 ) 2 N B r was e s t i m a t e d 

t o be 0.0178 g /cm^ by a s suming 100$ y i e l d f r o m t h e r e a c t i o n : 

( C H 2 C 0 ) 2 N B r + ( C H 3 ) 2 N H = ( C H 3 ) 2 N B r + ( C H 2 C 0 ) 2 N H 

To 5 c m J o f t h e s o l u t i o n o f ( C H 3 ) 2 N B r i n CCI4 (0.3590 g , 2.9 m mole ) 

i n a b e a k e r , 2 cm^ m e t h y l i o d i d e was added , and t h e b e a k e r c o v e r e d w i t h 

a p o l y e t h y l e n e f i l m , and p l a c e d i n a r e f r i g e r a t o r . A f t e r two h o u r s a 

y e l l o w s o l i d had f o r m e d . T n i s was f i l t e r e d o f f a t room t e m p e r a t u r e . The 

r e s i d u e washed w i t h CCI4 a n < 3 t h e n d r y d i e t h y l e t h e r , and d r i e d on t h e 

s i n t e r by a l l o w i n g a i r t o f l o w t h r o u g h f o r abou t 30 s e c o n d s . By t h i s 

method 0.5123 g o f t h e y e l l o w s o l i d was o b t a i n e d , r e p r e s e n t i n g 66.5$ 

y i e l d on t h e b a s i s o f t h e e q u a t i o n : 

( C H j ) 2 N B r + CH3I = C 3 H 9 N B r I 

E l e m e n t a l a n a l y s i s i n d i c a t e d t h e e m p i r i c a l f o r m u l a C 3 H ^ N B r I : f o u n d f o r 

p r o d u c t : ( $ ) , C, 13.69; K , 3*35; N , 5.31; B r , 30.32; I , 47 .82. 

C 3 H g N B r I r e q u i r e s , ( $ ) , C, 13*54; H , 3-33; N , 5-27; B r , 30.05; I , 47*76. 

The i n f r a r e d spec t rum o f t h e compound was r e c o r d e d as a n u j o l m u l l 

be tween C s l p l a t e s and i s shown i n F i g u r e 51• The s p e c t r a l r e g i o n f r o m 

400 cm - 1 down t o 40 cm ̂  was a l s o r e c o r d e d , u s i n g a t h i c k m u l l i n n u j o l 

on a p i e c e o f h i g h d e n s i t y p o l y e t h y l e n e . T h i s s p e c t r u m i s p l o t t e d i n 

F i g u r e 54» 
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5. The I n t e r a c t i o n Of The P r o d u c t , C ^ H Q N C I I , W i t h T r i m e t h y l a m m e , C^HgN 

The r e a c t i o n between t h e a l k y l a t i o n p r o d u c t o f d i m e t h y l c h l o r a r a i n e 

and m e t h y l i o d i d e , and excess anhydrous t r i m e t h y l a m m o was s t u d i e d i n a 

w e i g h t a n a l y s i s c e l l a t room t e m p e r a t u r e . 

0 . 1 6 3 7 g o f t h e y e l l o w p r o d u c t f r o m t h e r e a c t i o n o f C H 3 I w i t h 

( C H 3 ) 2 N C 1 was p l a c e d i n a p r e w e i g h e d R o t a f l o w w e i g h t a n a l y s i s c e l l . A f t e r 

t h e i n t r o d u c t i o n o f 7 « 6 l 4 8 g ( 1 2 9 . 0 6 m m o l e ) anhydrous t r i m 3 t h y l a m m e by 

c o n d e n s a t i o n on t h e vacuum l i n e , t h e R o t a f l o w was a l l o w e d t o a t t a i n room 

t e m p e r a t u r e , where t h e s u p e m a t e n t l i q u o r was o b s e r v e d t o be s l i g h t l y 

y e l l o w i n c o l o u r . 

The R o t a f l o w was p l a c e d on a f l a s k shake r and a g i t a t e d f o r 24- h o u r s 

a t room t e m p e r a t u r e , a f t e r w h i c h t i m e i t was r e t u r n e d t o t h e vacuum l i n e , 

and a l l t h e v o l a t i l e s removed t o a c o l d f i n g e r . A f t e r t h e mass o f t h e 

r e s i d u e had been d e t e r m i n e d , t h e v o l a t i l e con bents were r e d i s t i l l e d i n t o 

t h e R o t a f l o ' " , and r e t u r n e d t o t h e f l a s k s h a k e r . The p r o c e s s was r e p e a t e d 

a t 36 and 43 h o u r s f r o m t h e s t a r t o f t h e r e a c t i o n , and no s i g n i f i c a n t 

i n c r e a s e m t h e r e s i d u e mass was n o t e d a t 49 h o u r s o v e r t h a t r e c o r d e d 

a t 36 h o u r s . 

The v o l a t i l e f r a c t i o n was d i s t i l l e d i n t o t h e f r a c t i o n a t i o n t r a i n 

and f o u n d t o c o n t a i n o n l y t r i m e t h y l a m i n e and t h e a m i n e , ( C H S ^ N C H ^ N X 0 0 3 ) 2 > 

t e t r a m e t h y l m e t h y l e n e d i a m i n e , t h e i d e n t i t y o f w h i c h « a s f o u n d by i n f r a r e d 

s p e c t r o scopy . 

The t r i m e t h y l a m i n e and t e t r a m e t h y l m e t h y l e n e d i a r a i n e were s e p a r a t e d a t 

- 8 4 ° C , and 0 . 0 3 8 4 g ( 0 . 3 7 6 m m o l e ) o f ( C H 3 ) 2 N C H 2 N ( 0 0 3 ) 2 was f o u n d . Prom 

t h e mass o f t r i m e t h y l a m i n e a t t h e s t a r t o f t h e r e a c t i o n and t h a t r e c o v e r e d , 

0 .0410 g ( 0 . 6 9 m m o l e ) had been u s e d u p . 
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The s o l i d r e s i d u e , w h i c h was an o f f w h i t e c o l o u r , and amounted t o 

O . I 6 8 3 g» was i n v e s t i g a t e d i n t h e d r y b o x . 

A p p r o x i m a t e l y h a l f o f t h e p r o d u c t \<as t r a n s f e r r e d t o a t w o - n e c k e d r o u n d 

b o t t o m e d f l a s k , e q u i p p e d w i t h a s m a l l b u l b as shown i n F i g u r e 20 

C h a p t e r 3i and removed f r o m t h e d r y b o x . The s o l i d was t a k e n i n t o 

s o l u t i o n i n t h e minimum q u a n t i t y o f d i s t i l l e d w a t e r , and p o t a s s i u m 

h y d r o x i d e p e l l e t s p a c k e d i n t o t h e s m a l l b u l b . The a p p a r a t u s , c o m p l e t e d 

w i t h a t a p cone c o n n e c t o r was f i t t e d t o t h e f r a c t i o n a t i o n s e c t i o n o f t h e 

vacuum l i n e , and t h e s o l u t i o n f r o z e n and degassed t h r e e t i m e s . By 

c a r e f u l l y t w i s t i n g t h e f l a s k t h e KOH p e l l e t s were a l l o w e d t o s l i d e i n t o 

t h e p a l e y e l l o w aqueous s o l u t i o n , and t h e v o l a t i l e m a t e r i a l so p r o d u c e d 

d i s t i l l e d t h r o u g h a t r a p a t -84°C and i n t o a t r a p a t -196°C. 

The d i s t i l l a t i o n was a l l o w e d t o c o n t i n u e f o r a p p r o x i m a t e l y 10 m i n u t e s , 

t h e n t h e f l a s k i s o l a t e d f r o m t h e vacuum l i n e . The v o l a t i l e m a t e r i a l s so 

c o l l e c t e d were i n v e s t i g a t e d by i n f r a r e d s p e c t r o s c o p y , and f o u n d t o 

c o n t a i n o n l y t r i m e t h y l a m i n e . 

The c a u s t i c r e s i d u e i n t h e f l a s k was exposed t o t h e a i r and w a t e r 

was added t o d i s s o l v e t h e excess KOH, and on c o o l i n g , u n d e r t h e t a p a 

f i n e w h i t e s o l i d appea red t o f o r m , w h i c h was f i l t e r e d o f f u s i n g a p o r o s i t y 

4 s i n t e r e d g l a s s f i l t e r , d r i e d by w a s h i n g t w i c e w i t h d r y hexane , and i t s 

i d e n t i t y f o u n d by i n f r a r e d s p e c t r o s c o p y as a n u j o l m u l l , t o be a , t 

t e t r a m e t h y l a m m o n i u m s a l t . ' 

The r e s i d u e f r o m t h e f i l t r a t i o n was t r e a t e d w i t h a f ew d r o p s o f 

s a t u r a t e d sodium p e r c h l o r a t e s o l u t i o n and a g a i n a q u a n t i t y o f w h i t e s o l i d 

p r e c i p i t a t e d . The i n f r a r e d spec t rum o f t h i s m a t e r i a l showed ( C h ^ ) ^ 

a b s o r p t i o n s as w e l l as t h o s e a t t r i b u t a b l e t o C I O 4 . 
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P a r t o f the s o l i d r e s i d u e f r o m t h e t r i m e t h y l a m i n e r e a c t i o n was 

a n a l y s e d and f o u n d t o c o n t a i n , ( $ ) , C, 1 8 . 1 7 ; H , 4 .93; N , 5 . 9 1 ; C I , 15 . 35 ; 

I , 55-52. 

T h u s , a s suming t h e a l k y l a t i o n p r o d u c t o f (CH 3)2NC1 and CH3I t o be o f 

f o r m u l a C g H - ^ g ^ I ^ C l s > 0.1637 g (0 .37 m m o l e ) r e a c t e d w i t h O.69 m mole 

t m n e t h y l a m i n e t o y i e l d O . I683 s ° f s o l i d , and O.38 m mo le 

t e t r a m e t h y l m e t h y l e n e d i a m i n e , w h i c h i n d i c a t e s : 

( C H 3 ) 4 N ( C H 3 ) 2 N ( I C 1 ) 2 + 1 . 9 ( C I I 3 ) 3 N = ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 + SOLID 

The a n a l y t i c a l f i g u r e s f o r t h e s o l i d i n d i c a t e an e m p i r i c a l f o r m u l a 

o f C7H22N2I2CI2» 0.1683 g o f w h i c h v /ould c o r r e s p o n d t o 0.37 m m o l e . 

CyH22N2l2Cl2 can be i n t e r p r e t e d as ( C H 3 ) 4 N + ( C H 3 ) 3 N H + I + I C I 2 , i n 

w h i c h case t h e r e a c t i o n w i t h t r i m e t h y l a m i n e w o u l d b e : 

( C H 3 ) 4 N ( C H 3 ) 2 N ( I C l ) 2 + 2 ( C H 3 ) 3 N — » - ( C H 3 ) 4 N + ( C H 3 ) 3 N H + f + I C l 2 + ( C K 3 ) 2 N C H 2 N ( C H 3 ) 2 

6. The R e a c t i o n Of ( C H Q ^ N W i t h The P r o d u c t O f The A l k y l a t i o n O f 

( C H Q p N C l By CD^I 

The r e a c t i o n be tween ( C D 3 ) 2 N ( C H 3 ) 2 ( C H 3 ) 2 N ( l C l ) 2 and ( C H 3 ) 3 N was 

p e r f o r m e d i n an e x a c t l y ana logous manner t o t h a t w i t h t h e non d e u t e r a t e d 

p r o d u c t d e s c r i b e d i n 5 a b o v e . 

0.2729 g o f t h e p r o d u c t f r o m t h e a l k y l a t i o n o f ( C H 3 ) 2 N C 1 by C D 3 I 

was p l a c e d m a p r e v r e i £ h e d R o l a f l o w w e i g h t a n a l y s i s c e l l , and e v a c u a t e d 

on t h e vacuum l i n e . 3.3515 g (65 . 28 m m o l e ) anhydrous t r i m e t h y l a m i n e was 

t h e n condensed i n t o t h e c e l l , and t h e w h o l e a l l o w e d t o a t t a i n room 

t e m p e r a t u r e , and t h e n p l a c e d on a f l a s k s h a k e r and a g i t a t e d f o r l £ h o u r s . 

On r e t u r n t o t h e vacuum l i n e t h e c e l l was t r e a t e d i n t h e same way as 

d e s c r i b e d m 5 above , where O.O639 g (6 .26 m m o l e ) ( C H 3 ) 2 N C H 2 N ( C H 3 ) 2 and 
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3 . 7326 g ( 6 4 . 4 1 m m o l e ) ( C H 3 ) 3 N were r e c o v e r e d , l e a v i n g 0 . 2 8 0 1 g o f a 

w h i t e s o l i d i n t h e w e i g h t a n a l y s i s c e l l . 

The w h i t e s o l i d was t r e a t e d w i t h exces s KOH as d e s c r i b e d above , 

and t h e p rn r i i i c+ s c o l l e c t e d on t h e v acuum l i n e . I n f r a r e d s p e c t r o s c o p y 

i n d i c a t e d t h a t o n l y t r i m e t h y l a m i n e had been f o r m e d and t h a t i t c o n t a i n e d 

no C-D b o n d s . 

I n t h i s r e a c t i o n 0 . 6 l m mole ( C H 3 ) 2 N ( C D ) 3 ( C H 3 ) 4 N ( l C l ) 2 r e a c t e d 

w i t h 0 .0689 g ( 1 . 1 7 m m o l e ) ( C H 3 ) 3 N t o y i e l d 6 . 26 m mole ( ( C H 3 ) 2 N ) 2 C H 2 

and a s o l i d r e s i d u e . These f i g u r e s i n d i c a t e t h e s t o i c h i o m e t r y : 

( C H 3 ) 2 N ( C D 3 ) 2 ( C I I 3 ) 2 N ( I C l ) 2 + 2 ( C H 3 ) 3 N ( C H 3 ) 2 N ( C D 3 ) 2 +( CH 3 ) 3 NH+f+ICl 2 "+((CH 3 ) 2 N^CH2 

7 . j H NMR Spec t rum O f The Complex ( C H O A N (CHOgNC ICl)l 

1 H NMR s p e c t r o s c o p y i n a c e t o n e , i n w h i c n t h e complex d i s s o l v e s , 

r e v e a l e d two s i n g l e t a b s o r p t i o n s , a t t r i b u t a b l e t o t h e c o m p l e x . The sample 

was r u n a t low t e m p e r a t u r e , (~30°C) and a l l o w e d t o warm t o room t e m p e r a t u r e 

where t h e d e c o m p o s i t i o n was f o l l o w e d . 

The i n i t i a l s pec t rum r e c o r d e d as q u i c k l y as p o s s i b l e , a t -30°C i s 

shown i n F i g u r e 6 8 . The i n t e g r a t i o n i n d i c a t e s a 2:1 r a t i o ( l . 8 2 : l ) f o r t h e 

peaks a t ( T 6 . 9 7 ) and ( 6 . 8 5 ) f r o m e x t e r n a l TMS. F i g u r e 69a shows t h e 

spec t rum as i t warms t o t h e p r o b e t e m p e r a t u r e , ( 4 0 ° C ) , and F i g u r e 69b shows 

t h e same s p e c t r u m a f t e r a p p r o x i m a t e l y 1 m i n u t e . 

Thus t h e 1WR d a t a o b t a i n e d i n d i c a t e s , t h a t t h e r e a r e two t y p e s o f n 
p r o t o n s i n t h e m o l e c u l e , and t h a t t h e y a r e s u f f i c i e n t l y f a r a p a r t n o t t o 

i n f l u e n c e one a n o t h e r . The i n t e g r a t e d r a t i o ' s i n d i c a t e t h a t t h e r e a r e 

t w i c e as many o f one t y p e as t h e o t h e r . 
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C H A P T E R S I X 

NUCLEAR QUADRUPOLE RESONANCE AND INFRA RED SPECTROSCOPY 



I n t r o d u c t i o n 

T h i s C h a p t e r d e a l s w i t h t h e a p p l i c a t i o n o f N u c l e a r Q u a d r u p o l e 

Resonance j and i n f r a r e d s p e c t r o s c o p y , t o t h e compounds p r e p a r e d 

c o n t a i n i n g t h e s p e c i e s ( C R ^ ^ N C l , and ( C H s ^ N B r . 

The f i r s t t e c h n i q u e g i v e s i n f o r m a t i o n abou t t h e c h l o r i n e l o n i c i t y , 

and some i n s i g h t i n t o t h e e l e c t r o n d e n s i t y d i s t r i b u t i o n i n t h e N - C l 

b o n d . 

I n f r a r e d s p e c t r o s c o p y r e l a t e s t h e compounds i n w h i c h t h e i o n 

(CH3)3NC1 appea r w i t h t h e compound ( C H 3 ) 3 N C l 2 i n w h i c h p o l a r i s a t i o n o f 

t h e C l - C l bond has been s u g g e s t e d i n t h e ex t r eme ((CH3) 3NC1,C1 ) by 

H a n t z c h f o r a l l t r i m e t h y l a m i n e h a l o g e n c o m p l e x e s . 

I n f r a r e d s p e c t r a were recorded , u s i n g a P e r k i n E l m e r m o d e l 457 

s p e c t r o m e t e r i n t h e range 4,000-250 cm \ w h i l s t f o r t h e range 

400 -40 cm " L , a Beckman-RIIC FS720 F o u r i e r s p e c t r o m e t e r was u s e d . 

1 . N u c l e a r Q u a d r u p o l e Resonance S p e c t r o s c o p y 

N u c l e a r Quadrupo le Resonance (NQR) i s an i m p o r t a n t me thod o f r a d i o 

f r e q u e n c y s p e c t r o s c o p y . NQR i s o b s e r v e d i n n u c l i i o f e l e m e n t s w i t h an 

e l e c t r i c q u a d r u p o l e moment, f o r example t h e h a l o g e n s . The n u c l i i o f 

o v e r s i x t y i s o t o p e s o f v a r i o u s e l e m e n t s have n u c l e a r q u a d r u p o l e moments* 

N u c l e a r Q u a d r u p o l e Resonance a r i s e s o u t o f t h e i n t e r a c t i o n o f an 

a t o m i c n u c l e u s , o f non s p h e r i c a l symmet ry , w i t h a non u n i f o r m f i e l d o f 

e l e c t r o n s s u r r o u n d i n g i t . The n u c l e a r e l e c t r i c q u a d r u p l e moment i s t h e 

d e v i a t i o n o f t h e n u c l e a r cha rge d i s t r i b u t i o n f r o m s p h e r i c a l symmet ry . 

The m a g n i t u d e o f t h e non u n i f o r m i t y o f t h e e l e c t r i c f i e l d i s g i v e n by 

t h e e l e c t r i c f i e l d g r a d i e n t . 
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I n g e n e r a l t h e cha rge d i s t r i b u t i o n i n n u c l e a r s p h e r o i d s can be 

e i t h e r o b l a t e o r p r o l a t e i n t h e d i r e c t i o n o f t h e n u c l e a r s p i n , I . 

Such a charge d i s t r i b u t i o n i s t e r m e d an a x i a l q u a d r u p o l e . The non 

s p h e r i c a l d i s t r i b u t i o n o f charge a b o u t t h e n u c l e u s can be r e p r e s e n t e d 

as a sum o f t h e c h a r g e , ( a m o n o p o l e ) , and a q u a d r u p o l e . O n l y n u c l i i 

w i t h I > 1 may have a n u c l e a r e l e c t r i c q u a d r u p o l e moment, Q. Such 

moments range i n m a g n i t u d e f r o m - 2 b a r n t o 10 b a r n f o r a l l known v a l u e s . 

V/hen two atoms A and B combine t o f o r m a m o l e c u l e A - B , t h e 

f o r m a t i o n o f t h e bond A - B i s accompanied by a s t r o n g , non u n i f o r m 

e l e c t r i c f i e l d a l o n g t h e bond d i r e c t i o n ( c o n v e n t i o n a l l y t h e z d i r e c t i o n ) , 

and i t s m a g n i t u d e i s t h e component o f t h e t o t a l f i e l d g r a d i e n t t e n s o r 

i n t h i s d i r e c t i o n . 

The f i e l d g r a d i e n t , q , i s a 3 x 3 t e n s o r , such t h a t 

qxx + ^ y y + I z z = 0 C3-) 

and i n t h e z d i r e c t i o n i s g i v e n by 

o z 2 

( i i I z z 

F o r a x i a l symmet ry , = 1yy> b u t where no such symmetry e x i s t s , 

i . e . when q ^ / q y y > an a d d i t i o n a l t e r m i s d e f i n e d , t o d e s c r i b e t h e 

d e v i a t i o n o f t h e f i e l d g r a d i e n t f r o m a x i a l symmet ry . T h i s t e r m i s known 

as t h e asymmetry p a r a m e t e r , r\, and i s d e f i n e d as 

*) = | °,xx - q-yy | 

qzz 

T h e r e a r e s e v e r a l f a c t o r s w h i c h r e s u l t i n t h e a t o m i c n u c l e u s 

e x p e r i e n c i n g a non u n i f o r m e l e c t r i c f i e l d . The f i e l d g r a d i e n t i s m a i n l y 

d e t e r m i n e d by t h e v a l e n c e e l e c t r o n s , and t h e l a r g e s t c o n t r i b u t i o n i s t h a t 

o f e l e c t r o n s i n u n c o m p l e t e l y f i l l e d p o r b i t a l s . Charges l y i n g c l o s e t o 
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t h e atom u n d e r c o n s i d e r a t i o n , f o r example n e i g h b o u r i n g i o n s , atoms o r 

m o l e c u l e s , a r e a l s o s i g n i f i c a n t c o n t r i b u t o r s t o t h e v a l u e o f t h e 

e l e c t r i c f i e l d g r a d i e n t . 

The i n t e r a c t i o n o f t h e q u a d r u p o l e moment, 0 , and t h e e l e c t r i c 

f i e l d can be e x p r e s s e d by t h e H a m i l t o n i a n : 

H =Q\7E 

o r 

H = e\>g 3 I Z

2 - 1 ( 1 + 1 ) + j i ( l + 2 + I - 2 ) 

4 1 ( 2 1 - 1 ) [_ 2 

where 1+ and I - a r e r a i s i n g and l o w e r i n g o p e r a t o r s , o r sometimes 

t e rmed s h i f t o p e r a t o r s . 

H a m i l t o n i a n ( v ) has E i g e n v a l u e s : 

( iv ) 

( v ) 

E = e Qq 

4 1 ( 2 1 - 1 ) _ 

3m - 1 ( 1 + l ) (v i ) 

\ 3 

where m x = I , 1 - 1 , - I , t h e m a g n e t i c quantum number . 

E q u a t i o n ( v i ) shows t h a t f o r s t a t e s where m x d i f f e r o n l y by s i g n 

t h u s p r e c l u d e t h e s e p a r a t e d e t e r m i n a t i o n o f asymmetry p a r a m e t e r and 

c o u p l i n g c o n s t a n t . 

T r a n s i t i o n s be tween q u a d r u p o l e l e v e l s a r e b r o u g h t a b o u t by c o u p l i n g 

t h e n u c l e a r m a g n e t i c d i p o l e moment w i t h an o s c i l l a t i n g m a g n e t i c f i e l d o f 

a p p r o p r i a t e f r e q u e n c y . F o r n u c l i i o f s p i n ^2* t h e r e a r e two d o u b l y 

d e g e n e r a t e ene rgy l e v e l s and t h u s o n l y one t r a n s i t i o n be tween t h e m . The 

f r e q u e n c y o f t h e t r a n s i t i o n , V >, can be deduced f r o m ( v i ) above and i s 

g i v e n by ( v n ) , f o r r\ = 0 , 

V = e*Qq ( v i i ) 

2h 
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where the term e Qq/h i s known as the nuclear quadrupole coupling 

constant* and f o r instances where the gradient i s not a x i a l l y symmetric, 

v i s given by: 

v = effia (1 + S k ( v i i i ) 
2h 3 

For n u c l i i where I> 3/2i the number of transitions possible increases, 

as does the complexity of the expressions r e l a t i n g the frequency of the 

t r a n s i t i o n to the coupling constant* Many can only be solved numerically, 

and the t r a n s i t i o n frequency equations tabulated f o r reference (153), f o r 

example U 7 I has a spin of % > and the equations f o r the two observable 

transitions are: 

v £k) = 6 e 2Qq(l - 0.203(h 2 + 0.162^ ) ( i x ) 
20 h 

V-i3/2 ^ 2 ) = 1 e 2Qqd + 0.0926^ - 0.634^ ) (x) 
20 h 

fo r small asymmetry parameter, (<0.3). 

For n u c l i i of spin % , such as chlorine, determination of both 

asymmetry parameter and coupling constant can be carried out i f the 

degenerancy of the mr levels are l i f t e d . This i n practice u t i l i s e s the 

Zeeman e f f e c t , where a weak external magnetic f i e l d of the order of 

10-50 gauss i s applied to the sample. 

I n the case of certain classes of compounds, however, ignorance of 

the asymmetry parameter need not s i g n i f i c a n t l y affect the accuracy of 

the coupling constant determination, since f o r r\ of 10$, the value of 

(e Qq/h) from the measured frequency i s 1.9967^ as opposed to 2v f o r 
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T| ̂  0, imposing an error of 1.6 x 10 % f o r frequencies around 45 MHz. 

The measurement of nuclear quadrupole coupling constants can 

provide a great insight into concepts useful to the chemist, yet 

d i f f i c u l t to quantify. Terns such as ionic character, and p a r t i a l 

double bond character, can be given new meaning by applying approximate 

methods to the results obtained from NQR experiments. 

The interpretation of NQR data, i n terms of concepts which are 

useful to the chemist, such as ionic character, has been considered by 

several workers. 

Townes and Dailey (123) deduced expression ( x i ) below, r e l a t i n g 

the quadrupole coupling constants to the amount of s character i n a 

covalent bond, between two atoms: 

e2QqCOv = -(1 - s)e 2Qq a t ( x i ) 

This equation can be modified by introducing factor 1? to take account of 

the ionic character, d-character, andTr-character of the bond, and the 

resulting equation i s shown below 

e2Qqcov = - (1 - s + d ) ( l - /) - i r ) e ^ q ^ ( x i i ) , 
/ /C 

Equation ( x i i ) above i s normally applied to compounds i n which the 

atom exhibiting NQR, i s at the negative end of a bond dipole, or, where 

the electronegativity of the resonating atom i s less than, or equal t o , 

the electronegativity of i t s partner i n the bond. 



221 

I f the resonating atom i s at the positive end of a bond dipole, 

such that the bond i s polarised thus A — B , then account should be 

taken of the effect that t h i s positive charge has on the o r b i t a l s of 

the atom, which contribute to the e l e c t r i c f i e l d gradient at the 

nucleus. 

Townes and Dailey (123) suggest that a unipositive formed charge 

on an atom requires the number of unbalanced p electrons to be m u l t i ­

p l i e d by a factor of 1.25* estimated from atomic fine structure. 

Further, a multiplicand of lA«25 should be applied i n cases where a 

negative formal charge i s apparent i n the atom. Clearly a factor i s 

required to account f o r instances i n which the atom i s neither charged 

-1, 0 or +1, but some intermediate value determined by the ionic 

character. 

Equation ( x i i i ) below relates the coupling constants to the ionic 

character and s character i n cases where the atom i s the more electro­

p o s i t i v e . 

e2Qqw,L = -(1 - a) 1 + i ( l + 2£) e 2Q q a i ( x i i i ) 

where£ has been estimated f o r chlorine as 0.14 (l2if)» 

Chandra (125), obtained a similar type of expression r e l a t i n g the 

ionic character and s hybrid character of a bond to the nuclear 

quadrupole coupling constant. 

I f N , N and N represent the electron population i n the p , p v 
X j Z X •/ 

and p z o r b i t a l s respectively, then i f an amount of double bond 

character, tr ; s character s, d character d, and ionic character i , are 



present then, N x = 2, N y = (2 -Tf) and N z = ( l + s - d + i ) , where 

the z axis i s along the bond. 

Now the number of unbalanced p electrons on the atom i s related 

to the coupling constant i n the free atom, by equation ( x i v ) 

e 2Qq a t ( x i v ) 

and hence 
e 2Q<W = (1 - » + * - D- y2)e 2Qq d t (xv) 

Wilmshurst (126), derived a simple r e l a t i o n between coupling 

constant, ionic character and percentage s hybridisation of the 

resonating nucleus. Using o r b i t a l f u n c t L o n 3 of Gordy (127) expression 

( x v i ) was deduced. 
2 2 

where o< i s the percentage s hybridisation of the p o r b i t a l s such that 

the normalised bonding o r b i t a l i s given by equation ( x v i i ) 

i|j = y d - 3«) s +y~£p z ( x v i i ) 
and i n order to account f o r o r b i t a l contraction when the atom i n 

question i s the more electropositive partner m the bond, equation x v i 

i s adjusted by a factor 1 + c as shorn below 

= 3*(l + o ) ( l - i ) e 2 Q q ^ ( x v i i i ) 

The value of c given by Wilmshurt (126) was that due to Townes and 

Dailey (l23)> i . e . 0.25. 

Gordy (128) does not consider changes i n both ionic character and 

hybridisation when accounting f o r changes i n coupling constant. He 

maintains that the hybridisation, and hence s character, of halogen 

bonding o r b i t a l s are f i x e d , and cnanges i n coupling constant from one 

e Qq = N + N - N 
x v z 



compound to another i s due e n t i r e l y to changes i n ionic character, and 

only i n exceptional circumstances, such as when the halogen i s the more 

electropositive partner i n a bond, such that a large positive charge 

exists, then hybridisation can be considered. 

Gordy obtained the expression 

i e2Qq = i ( l + 0.13 e2Qq - a 2 - a^) + a a
2 - a d

2 ( x i x ) 
2 2 e Qqot e Qqftt 
o 2 

i n which a a' and a<j are respectively the amounts of s and d character 

of the bond o r b i t a l , which re-arranges to ( x x ) , neglecting nuclear 

screening. 
e2Qq = (1 - s + d) - i ( l - s - d) (xx) 
e 2Qq at 

where s and d are now the amounts of s and d character, and l i s tiie 

i o n i c character. 

Simp l i f i c a t i o n of expression ( x i x ) , above was accomplished by 

Gordy, by considering two extreme cases of halogen bonding namely, purely 

i o n i c , as i n KC1 or KBr, and purely covalent as i n Clg or B12 • 

Gordy argued that,since from CI2 coupling constant data the r a t i o 
2 2 

e Qq.moL/e Qqat was u n i t y , and the ionic character zero, hence application 
2 2 

of ( x i x ) led to a s = a^ or no hybridisation. 
Considering KC1, where the coupling constant r a t i o i s observed to 

be zero, and the ionic character equal to un i t y , equation ( x i x ) shows 
2 2 that a<j =0, i . e . no d hybridisation, and terms i n a g cancel out. This 

lod Gordy to the conclusion that hybridisation does not exist either i n 

pure covalent CI2 or i n pure ionic KC1, unless i t exists i n such a form 

as to have no effect on the coupling constant, and further that based 
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on the preceding observation, l i t t l e i f any detectable hybridisation 

exists i n mixtures of the two bonding forms. 

U t i l i s i n g t h i s deduction, that s = d = 0, equation (xx) becomes: 

_A<L_ = (1 - i) (xxi) 
2 
e Qqab 

There thus appears to be some c o n f l i c t i n the in t e r p r e t a t i o n of 

changes i n coupling constant i n terms of ionic character, and 

hybridisation. Gordy on the one hand considering no hybridisation of 

the chlorine bonding o r b i t a l s i n the greater majority of carbon halogen 

compounds, whereas Townes and Dailey, at the other pole, consider both 

hybridisation and i o n i c i t y changes. Townes and Dailey however, do go 

part way to the G-ordy concept, i n l a t e r appraisals of t h e i r treatment, 

where a r u l e , somewhat a r b i t r a r i l y , states that m compounds such as 

X-Cl, the halogen bonds are hybridised with 15$ s character whenever the 

halogen i s more electronegative by 0.25 u n i t than the atom to which i t 

i s bonded (129). 

I n a l l these treatments, whichever i s nearest the true s i t u a t i o n , 

no unique value f o r ionic character or hybrid character can be obtained* 

and since i t i s not possible to obtain independant values of ionic and 

hybrid character, then assumptions must be made either of hybridisation 

or ionic character. 

I t i s common to assume the hybridisation and determine ionic 

character from coupling data, or to u t i l i s e other methods of determining 

ionic character and obtain hybridisation. 

Most methods of determining ionic character depend on i t s relationship 
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with electronegativity, and indeed there are many varied expressions. 

Pauling (130), obtained an exponential relationship shown i n 

( x x i i ) 

ionic character = 1 - exp(-0.25(Xa - Xb) ) ( x x i i ) 

where Xa, Xb are the atomic electronegativities. This does not f i t 

p a r t i c u l a r l y well with values obtained from dipole moment determinations. 

&ordy (128) u t i l i s e d equation ( x x i ) , above and plott e d ionic 

character of diatomic molecules obtained from quadrupole coupling data, 

against the electronegativity difference of the two atoms, and found a 

li n e a r relationship up to around 90% ionic character, or electronegativity 

difference of around 2 u n i t s , a f t e r which the curve levelled o f f toward 

lOOjo l o n i c i t y , with increasing electronegativity difference. This led 

Gordy to the approximate rule: 

ionic character = V̂ C Xa - Xb )| f o r |Xa - Xbl < 2 ( x x i i i ) 

Hannay and Smyth ( l3l) from bond dissociation energy considerations 

obtained: 

ionic character = 0.l6(|Xa - Xb|) + 0.035(|Xa - Xb|) 2 (xxiv) 

which f i t s the experimentally determined l o n i c i t y from dipole moments, 

better than that of Pauling. 

Other methods of ionic character estimation are due to Wilmshurst 

(126), and (132), where consideration i s given to electron d i s t r i b u t i o n 

i n a bond A-B. For a two electron bond the pair of electrons w i l l 

divide themselves between the two atoms i n the r a t i o of t h e i r r e l a t i v e 

electronegativities, such that V2Xa/[Xa + Xb] electrons are on atom A 
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and V2^b/[Xa + XbJ e l e c t r o n s are on atom B. D e f i n i t i o n o f the i o n i c 

c h a r a c t e r as one h a l f the e x c e s s number of e l e c t r o n s on one atom 

r e l a t i v e to the ot h e r r e s u l t s m equation ( x x v ) 

i o n i c c h a r a c t e r = IXa - Xbl 
IXa + Xbi 

(xxv) 

I n o r d e r to u t i l i s e any one of these e x p r e s s i o n s i n the c o r r e l a t i o n 

of n u c l e a r quadrupole c o u p l i n g c o n s t a n t s , r e q u i r e s a knowledge of the 

e l e c t r o n e g a t i v i t y of the atoms in v o l v e d i n the bonding. I t i s c l e a r l y 

u n s a t i s f a c t o r y to c o n s i d e r the e l e c t r o n e g a t i v e of n i t r o g e n , m f o r 

example ( C h ^ ^ N , as being equal to t h a t i n f o r example ( C H s ^ N C l , o r i n 

N21 and t h i s s i t u a t i o n has l e d to the development of group e l e c t r o ­

n e g a t i v i t y and e f f e c t i v e e l e c t r o n e g a t i v i t i e s . 

The M u l l i k e n d e f i n i t i o n o f e l e c t r o n e g a t i v i t y (133) as! 

where I and E are the i o n i s a t i o n p o t e n t i a l and e l e c t r o n a f f i n i t y of 

atom A, i s s a t i s f a c t o r y , but not parametensed f o r A i n s t r u c t u r e s such 

as R4A, but the d e f i n i t i o n due to G-ordy > t h a t the e l e c t r o n e g a t i v i t y 

of an atom i s "the p o t e n t i a l r e s u l t i n g from the unscreened n u c l e a r charge 

of the bonded atom e f f e c t i v e on a bonding e l e c t r o n when the e l e c t r o n i s 

a t a d i s t a n c e from the nucleus equal to the co v a l e n t r a d i u s r " , 

Xa = l / 2 ( i a + E a ) ( x x v i ) 
a a 

Xa = ( Z e f f ) e 
r 

l e d to the e m p i r i c a l e x p r e s s i o n ( x x v i i ) , f o r the e l e c t r o n e g a t i v i t y of 

an i s o l a t e d atom: 

Xa = 0.31 n + 1 +0.5 ( x x v i i ) 
r 

where n i s the number of v a l e n c e e l e c t r o n s . 
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A l l r e d and Rochow (l35)> derived a similar expression considering 

the force of at t r a c t i o n between an electron and i t s nucleus, when the 

electron i s at the covalent boundary, r, of the atom. By simple 

el e c t r o s t a t i c s , t h i s force i s given by: 

Force = e Zeff ( x x v i i i ) 
2 

r 

where eZeff i s the charge which i s effective at the electron due to 

the nucleus and i t s surrounding electrons, and the force obtained i s 

thus a measure of the "absolute electronegativity" of the atom. 

In order to bring values obtained by ( x x v i i i ) i n to l i n e with 

scales such as that due to Pauling (130), obtained from bond energy 

considerations, the equation (xxix) was derived. 
Xa = 0.359 Zeff + 0.744 (xxix) 

2 
r 

2 
by p l o t t i n g Z e f f / r against Pauling electronegativities. 

The values obtained f o r the elements, by both Gordy and A l l r e d 

and Rochow, are i n reasonable agreement, but there are exceptions. A 

good example i s the Si and &e figures, where A l l r e d and Rochow give 

1.74 f o r Si and 2.02 f o r &e, whilst Gordy gives 1.82 f o i Si and 1.77 

f o r &e. Not only are the values numerically d i f f e r e n t , but i n one case 

Ge i s more electronegative than S i , and i n the other case Ge i s less 

electronegative than S i . Evidence (136), suggests that Ge i s more 

electronegative than S i . 

The differences i n the two scales are probably accountable f o r by 

Gordy's consideration of the po t e n t i a l at the covalent boundary whilst 

A l l r e d and Rochow consider the force. 
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Wilmshurst (l37)» and Chandra (132) used expression ( x x v i i ) to 

calculate the electronegativity of species such as -CH3. The method 

of Wilmshurst d i f f e r s s l i g h t l y to that of Chandra and consequently 

d i f f e r i n g values of electronegativity r e s u l t * f o r example, Wilmshurst 

calculates a value of 2,63 f o r -CH3 whereas Chandra calculates 2.42, 

7 
and f o r -CCI3 Wilmshurst finds 3.03 whereas Chandra 2.07. 

I t should be pointed out, however, that a group electronegativity 

must depend on the rest of the molecule, because i t i s a property of 

the group obtained by adiabatic breaking of the bond between the group 

and the rest of the molecule . This i s a l i m i t a t i o n to the concept of 

group electronegativities not considered by Chandra or Wilrashurst, and 

of course the values must therefore depend on the compound from which 

they were obtained. .Expression ( x x v i i ) can be used, however, as long 

as the value of r, the covalent radius, i s known, or can be estimated 

f o r the p a r t i c u l a r compound i n which the group appears. 

The inadequacy of atomic electronegativities i n dealing with atoms 

m real situations such as nitrogen i n (CHs)4N+, indicates that a 

radi c a l l y new approach be considered. Work by Hinze (137) defined a 

a quantity termed o r b i t a l electronegativity, much i n the same way as 

Pauling defined atomic electronegativity (139) as a measure of the 

power of an atom, to atimct an electron to i i s e l f , and thus the o r b i t a l 

electronegativity defined,as the derivative of the energy of the atom 

with respect to the charge i n the o r b i t a l , 30 that the o r b i t a l e l e c tro­

negativity i s a measure of the power of an atom, as i t may exist m a 

molecule, to a t t r a c t an electron i n a given o r b i t a l , to i t s e l f . 
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The d e f i n i t i o n implies that the occupation number of the o r b i t a l 

considered can take both in t e g r a l and non i n t e g r a l values and, t h a t , 

i f t h i s i s true then the energy of the atom i s a continuous and 

d i f f e r e n t i a b l e function of the occupation number. 

That the occupation number can be non i n t e g r a l i s not e n t i r e l y 

satisfactory from a s t r i c t quantum mechanical point of view, but 

nevertheless, p a r t i a l atomic charges are fr e e l y used and thus by 

implication acknowledge non i n t e g r a l values of the occupation number. • , , * m .̂ \> 

U t i l i s i n g t h i s concept of electronegativity, ionic character can 

be defined i n terms of charge transfer necessary to make the bond 

electronegativities of the bonded atoms equal. Thus i f the occupancy 

of the j t h bonding o r b i t a l of atom A i n A-B i s n; then the ionic 

character of the bond i s : 

ionic character = |n j — 11 (xxx) 

and m terms of electronegativity: 

ionic character = \ X°a - X°b (xxxi) 
°a + °b 

where X° refers to o r b i t a l electronegativity and the constants c a, c D 

are formulated from lonisation potentials and electron a f f i n i t i e s of 

the o r b i t a l s concerned. 

This relationship f o r ionic character reduces to that of Gordy when 
c a + cb = 1» D u t real "te™3 | ca + cb | i s found to be generally greater 

than 1 (l40), f o r compounds such as H-X (X = F, CI, Br, I , L i , Na). 

I t i s in t e r e s t i n g to note that values of ionic character cdculated 

m t h i s way, agree, i n general, better with those calculated by Hannay 
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and Smyth,(equation (xxiv)),using t h e i r own electronegativities, since 

f o r small differences i n Xa and Xb equation (xxiv) reduces to: 

ionic character = 0.l6[Xa - Xb[ ( x x x i i ) 

This i s because the Hannay and Smyth electronegativities were 

calculated from bond dissociation energies and thus include effects 

due to hybridisation. 

I n order to use equation ( x x x i ) , values f o r c a and c^ must be 

known, not only f o r the o r b i t a l s i n the p a r t i c u l a r hybridisation they 

are m, but f o r the o r b i t a l s i n the p a r t i c u l a r compound being 

considered, and since the values of c are determined by the lonisation 

p o t e n t i a l and electron a f f i n i t y of the o r b i t a l s considered, the 

l i m i t a t i o n s are clear. 

I t i s further clear that according to equation ( x x x i ) , no unique 

re l a t i o n exists between electronegativity and ionic character. 

Thus i n the inte r p r e t a t i o n of NQR data there are three areas i n 

which there i s uncertainty. 

F i r s t l y , the hybridisation of the absorbing atom, secondly, the 

assessment of ionic character, and t h i r d l y , the values of electronegativity 

necessary to estimate ionic character, or, i n the case of Townes and 

Dailey, s character. The l a t t e r of the three i s highlighted by considering 

nitrogen and chlorine. According to Townes and Dailey 1s rule r e l a t i n g s 

character to electronegativity difference, then i f Mullikens electro­

n e g a t i v i t i e s are used, nitrogen i s less electronegative than chlorine 

by 0.67 (N, 2.33; CI, 3*00) and would thus indicate 15$ s character, 



229 

whereas i f Pauling's values are used then nitrogen i s less electronegative 

than chlorine by only 0.12 (N, 3«04» CI, 3»l6) indicating 0% s character, 

since the difference i s less than 0.25. (Electronegativity values from 

r e f . 1 U ) . 

The question of hybridisation i s related to bond strengths which 

i s m turn related to the extent to which two o r b i t a l s overlap when 

a bond i s formed. 

Both molecular o r b i t a l and valence bond theory require that m 

order to form a strong bond, the atomic o r b i t a l s forming the bond must 

overlap to as great an extent as possible, and that the energies of 

the overlapping o r b i t a l s should be of comparable magnitude (142). I t 

i s known that sp hybrid o r b i t a l s can overlap more strongly than pure s 

or pure p o r b i t a l s , and thus i t seems l i k e l y that i n order to meet the 

energy matching requirement f o r strong bonds then hybridisation would 

occur to an extent required by the energy mis-match of the combining 

o r b i t a l s . 

Gordy's o r i g i n a l suggestion that hybridisation does not occur, 

except on, f o r example, halogens with positive charges i n compounds such 

as A-Cl, appears untenable, indeed hybridisation i s c e r t a i n l y l i k e l y on 

halogens polarised CI** , but i t seems reasonable that hybridisation can 

occur on halogens polarised CI* . 

Gordy's explanation of no hybridisation, outlined e a r l i e r , can be 

examined more closely. Coupling con&tant data f o r the halogens was used 

by Whitehead (lA-3) to show that f o r the gaseous molecule C l 2 , some s 
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hybridisation does occur, since the r a t i o of the observed frequencies 

f o r atomic chlorine (54.37 MHz) and f o r molecular chlorine (54.2475 MHz) 

indicate 2fo s cnaracter. Bromine and iodine do not shovi t h i s , but no 

d hybridisation was accounted f o r . 

I t would thus appear that hybridisation should be considered when 

int e r p r e t i n g NQR data, and that the hybridisation of the atom under 

observation i s unique, and not equatable to that of the same atom i n a 

variety of d i f f e r e n t compounds. 

This was summed up by Whitehead (144) who studied a large number 

of halides of C, S i , N, B, P, S and found that although a general 

relationship exists between the s character of chlorine and i t s solid 

state NQR frequency, a unique value of hybridisation of the chlorine 

covering a l l types of compounds i s meaningless. Each molecule must be 

considered on i t s own, and assessment of s character made from what 

clement the chlorine i s bonded t o . 

Thus since hybridisation cannot be assumed m equations r e l a t i n g 

coupling constants to hybridisation and ionic character, an mdependant 

assessment of ionic character i s necessary, with the possible exception 

of the method of Whitehead involving o r b i t a l e l ectronegativities, since 

expressions f o r hybrid o r b i t a l electronegativities, i n terms of pure s 

or p o r b i t a l electronegativities involve the amount of s character i n 

the bonding o r b i t a l s (145). Indeed t h i s metnod appears to be the most 

satisfactory since no assumptions, apart from those i m p l i c i t i n the 

concept of o r b i t a l electronegativity outlined e a r l i e r , are made. However, 

as pointed out, the method requires a knowledge of lonisation potentials 
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and electron a f f i n i t i e s of o r b i t a l s involved i n the actual compound 

under investigation. 

Independant assessment of ionic character i s most easily carried 

out from electronegativity values, and although many scales e x i s t , i n 

general as long as one scale i s used throughout a correlation, trends 

may be observed even though absolute values are not determined. 

I n order to u t i l i s e methods of obtaining ionic character from 

electronegativities, i t i s necessary to estimate the ef f e c t i v e electro­

negativity of atoms i n a group, and to t h i s end the method of Chandra 

(132) appears to give values most consistent with the l i t e r a t u r e . 

Results and Discussion 

Nuclear quadrupole resonance spectroscopy has been carried out on 

the compounds (CH 3) 3N-Cl CIO4 , (CH3)3N-C1 BF4 and CH3NCla, using a 

Decca NQR spectrometer. The frequencies observed at -196°C are shown 

i n Table 19 along with the coupling constants calculated assuming no 

asymmetry parameter, the spectra are shown i n Figures 70, 1\ and 72. 

TABLE 19 
55C1 NQR FREQUENCIES AND COUPLING- CONSTANTS FOR 

CH^NClp, ( C H O ^ C l CIO4 AND (CHQbN*C1 BFl 

Compound MHz e2Qq/h ( *C1) 

CH3NCl2 i.7.95 
48.01 
48.32 

96.70 7 

49.07 

(CH 3) 3N +C1 CIO4 

(CH 3) 3N +C1 BF4" 

56.09 

55.89 

112.18 

111.78 
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Absorp t ions due to o t h e r compounds c o n t a i n i n g t h i s c a t i o n , 

( C H 3 ) 3 N + C 1 0S0 3 CH 3 ; ( C H 3 ) 3 N + C 1 0S0 2P _, were not observed. 

The p o s i t i o n o f the absorpt ions m the 3 S C1 NQR s p e c t r a l range 

i n d i c a t e t h a t the c h l o r i n e i s a t the p o s i t i v e end o f the N - C l bond 

d i p o l e i n the c a t i o n s , since both the f r equenc ies are i n excess o f 

t h a t o f molecu la r c h l o r i n e (5^.073 MHz, ( 1 4 6 ) ) . The values found are 

compared w i t h those found f o r o t h e r n i t r o g e n c h l o r i n e compounds i n 

Table 20. 

TABLE 20 

CI NQR FREQUENCIES FOR SOME NITROG-EN CHLORINE COMPOUNDS 

Compound MHz (-196°C( ^ C l ) ) Re f . 

N - c h l o r o b e n z o t r i a z o l e 56.743 147 

Chlorotrimethylammonium p e r c h l o r a t e 56.09 T h i s work 

Chlorotrimethylammonium f l u o r o b o r a t e 55.89 Thi s work 

N-chlo ro sue c i n i m i d e 54.10 147 

Dichlorammme T 51.60 148 

Methy ld ich lo ramine 48.35 This work 

2,6 d ibrorao ,N-chloro ,p-benzoquinnin imide 46.306 147 

D un e thy 1 c h lo ram i n e 43.67 151 

I n t e r p r e t a t i o n Of The NQR Data I n Terms Of The Approximate Methods 

The methods o f To/mes and D a i l e y , and , Wilmshurst and Chandra » 

can be used to i n t e r p r e t the da ta g iven i n Table 19, t o determine how 

i o n i c , and how the c h l o r i n e i s h y b r i d i s e d i n the i o n ( C H 3 ) 3 N + C 1 . For 

comparative purposes values f o r the i s o s t r u c t u r a l phosphorous analogue, 

( C H 3 ) 3 P + C 1 can be o b t a i n e d . 
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E l e c t r o n e g a t i v i t i e s 

The values o f e l e c t r o n e g a t i v i t y g iven by P a u l i n g (130) f o r the 

r e l e v a n t atoms are shown m Table 2 1 . 

TABLE 21 

Atom: H C N 0 P CI 

E l e c t r o n e g a t i v i t y ; 2.1 2 .5 3«0 3.4 2 . 1 3.0 

I n o rde r to u t i l i s e any o f the r e l a t i o n s h i p s between coup l i ng 

constant and i o n i c and h y b r i d charac te r , the e l e c t r o n e g a t i v i t i e s o f 

e n t i t i e s such as (CHs^N—or ( C h ^ ^ P - must be computed. The method 

used to o b t a i n these values i s t h a t o f Chandra (132) based on G-ordy1 s 

d e f i n i t i o n o f e l e c t r o n e g a t i v i t y f rom nuc lea r screening c o n s i d e r a t i o n s . 

Gordy's express ion f o r the e l e c t r o n e g a t i v i t y o f an i s o l a t e d atom 

(128 , 134) i s g iven by 

X = 0.31 n + 1 + 0.50 ( x x v i i ) 

where n i s the number o f valence e l ec t rons and r i s the cova len t r a d i u s . 

I n o r d e r t o use equat ion ( x x v i i ) i n the e s t i m a t i o n o f group 

e l e c t r o n e g a t i v i t i e s , n must be replaced by n*,where n* i s now the e f f e c t i v e 

number o f valence e l ec t rons the c e n t r a l atom A, o f a group A B V , has, due 

to the e f f e c t s o f the combined e l e c t r o n e g a t i v i t y d i f f e r e n c e s between A 

and By. 

Chandra (132) f o r m u l a t e d n* as 

n + m - 2m Xa 

Xa + Xb 
- P Xa 

Xa + Xb 
( X X X l l l J 
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since i n the group AB, d e r i v e d f rom X-AB, the number o f e l e c t r o n s 

on atom A due to m bonds w i t h atom B w i l l be 

2m Xa 

Xa + Xb 

and i f B has any non bonded valence e l e c t r o n s , the e f f e c t o f p 

resonance c o n t r i b u t o r s o f the type "AB + i s g iven by 

y Xa 

Xa + Xb 

n i s the number o f valence e l e c t r o n s atom A has c o n v e n t i o n a l l y . 

Us ing t h i s method, values f o r the e f f e c t i v e e l e c t r o n e g a t i v i t i e s 

o f va r ious c e n t r a l atoms i n both N and P - C I compounds are shown i n 

Table 22. 

TABLE 22 

CALCULATED GROUP ELECTRONEGATIVITIES 

Group E f f e c t i v e E l e c t r o n e g a t i v i t y 

( C H 3 ) 3 N - 3 

( C H 3 ) 2 N - 2.9 

(CH 3 )NC1- 2.9 

( C H 3 ) 3 F * - 2.2 

( C H 3 ) 2 P - 2.2 

(CH 3 )C1P- 2 . 1 

The e l e c t r o n e g a t i v i t y o f A , where A i s N o r P was c a l c u l a t e d by 

adding h a l f the e l e c t r o n e g a t i v i t y d i f f e r e n c e between the atom and the 

next i n the p e r i o d i c t a b l e , t o the va lue o f the atom. C a l c u l a t i o n s 

i n v o l v i n g groups w i t h lone p a i r s i nc luded values f o r the e l e c t r o n e g a t i v i t y 

o f the f i l l e d o r b i t a l , assumed to be sp^, f rom Whitehead ( 149 ) . The 
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values used were N ( s p ^ ) , 1.32; P ( s p ^ ) , 1.59. 

The values f o r the covalent r a d i i are shown below. 

Element o r i o n : N N + P P + C 

Covalent r a d i u s : 0.70 0.69 1.10 1.09 0.77 

I o n i c Character 

Us ing the values f o r the e l e c t r o n e g a t i v i t i e s c a l c u l a t e d above, 

the i o n i c charac ters o f va r ious N - C l and P-Cl compounds are shown i n 

Table 23, determined by va r ious methods. 

TABLE 23 

CALCULATED IONIC CHARACTERS OF X - C l BOND 

Compound/ion I o n i c Character o f X-Cl Bond Compound/ion 
1* 2* 3* 4* 

(CH 3 ) 3 N -C1 0 0 0 0 

(CH 3 ) 2 NC1 0.017 0.05 0.016 0.0025 

(CH 3)NCl2 0.017 0.05 0.016 0.0025 

(CH 3 ) 3 P -C1 0.15 0 .4 0.15 0.15 

(CH 3 ) 2 PC1 0.15 0 .4 0.15 0.15 

(CH 3 )PC1 2 0 .18 0.45 0.17 0 .18 

* Method 1 i = Xa - Xb ffilmshurst, Chandra 

Xa + Xb 

Method 2 i = Xa - Xb 

2 

, Gordy 

Method 3 i = 0.16 [Xa - Xb| + 0.035 1 Xa - Xb| 2 , Hai 

Method 4 i = 1 • - exp ( -0 .25 (Xa - X b ) 2 ) , P a u l i n g 
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H y b r i d Character 

Us ing the values o f i o n i c charac te r determined i n Table 23, the 

s charac te r o f the halogen bonding o r b i t a l can be e s t ima ted . 

Tables 24 and 25 show s charac te r ob ta ined u s i n g methods o f Townes and 

D a i l e y (Table 24) > 

e 2 Qq = [ ( 1 - s + d ) ( l - i ) - • * ] 

e Qqat 

and by Wi lmshurs t , (Table 25) , 

e 2Qq = 3«r(l - i ) » s = 1 - 3* 

e Qq«i 

TABLE 24 

3 CHARACTER OF X - C l BOND CALCULATED USING THE TOWNES AND DAILEY EXPRESSION 

Compound V*C1 e 2Qq s Character (Townes and D a i l e y ) 

MHz (-196°C) 
e 2 Q « u 2* 2. 

(CH 3 ) 3 N-C1 56.09 1.022 -0.022 -0.022 -0.022 -0.022 

(CH 3 ) 2 NC1 43.67 0.7959 0.19 0.16 0.19 0.20 

CH3NC12 48.35 0 .8221 0.16 0.13 0.16 0.17 

(CH 3 ) 3 PC1 29.09 0.5302 0.38 0.11 0.38 0.38 

CH3PCI2 26.08 0.4753 0.44 0.14 0.43 0.42 



239 

TABLE 25 

s CHARACTER OF X - C l BOND CALCULATED USING THE WILMSHURST EXPRESSION 

Compound VBC1 2 
e Qq s Character (Wilmshurs t ) 

MHz (-196°C) 
2 

H J * 41 

(CH 3 ) 3 NC1 56.09 1.022 -0.02 -0 .02 -0.02 -0.02 

(CH 3 ) 2 NC1 43.67 0.7959 0.19 0.16 0.19 0.22 

(CH 3 )NC1 2 48.35 0 .8221 0.16 0.13 0.16 0.19 

(CH 3 ) 3 PC1 29.09 0.5302 0.37 0.13 0.37 0.37 

(CH 3)PCl2 26.03 0.4753 0.43 0.13 0.43 0.43 

* see f o o t n o t e to Table 23. 

Values f o r ( C H 3 ) 3 p t c i f rom r e f . 151, and f o r CH3FCl2 f rom r e f . 124. 

From Tables 23, 24 and 25 i t can be seen t h a t the s charac ter 

i s f a i r l y i n s e n s i t i v e t o l a r g e changes i n i o n i c charac te r when the 

i o n i c charac te r i s smal l and non zero , indeed i f Gordy 1 s est imate o f 

i o n i c charac ter i s used, then the s charac te r does no t change apprec iab ly 

over severa l orders o f magnitude change i n i o n i c cha rac t e r . 

The smal l negat ive s cha rac te r f o r ( C H 3 ) 3 N - C 1 i n d i c a t e s t h a t the 

es t imate o f the group e l e c t r o n e g a t i v i t y o f ( C H s ^ N - i s too s m a l l , s ince 

f rom the resonance f r equency , the s charac ter would be expected t o be 

s m a l l , and i f the same o rde r as i n Clg (around 2$ ) . A value o f zero f o r 

t h e i o n i c charac te r i n t h i s i o n again seems unreasonable since some 

p o l a r i t y does e x i s t . 
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For analogous compounds (CH 3NCl2, CH3PCI2) a t e n f o l d increase i n 

i o n i c cha rac te r i s i n d i c a t e d by a l l methods except P a u l i n g s . On t h i s 

basis the i o n i c charac te r o f the N - C l bond i n (CH 3) 3N—CI would be 

expected to be around 0 .015» which would i n d i c a t e an almost pure p 

c h l o r i n e o r b i t a l . 

A va lue o f 0.015 f o r the i o n i c charac te r would i n d i c a t e an 

e f f e c t i v e e l e c t r o n e g a t i v i t y f o r (CH 3 ) 3 N— o f 3«09i u s i n g the expression 

i = Xa - Xb 

Xa + Xb 

which i f s u b s t i t u t e d i n t o equat ion ( x x v i i ) , g ives a value o f 0.67 f o r 

the cova len t r ad ius o f n i t r o g e n i n (CH 3 ) 3 N-C1. T h i s represents a f a i r l y 

l a r g e shor t en ing o f the C-N bond, i t being 1.44 A° , as opposed to 1.^7 A 0 

xn ( C H 3 ) 4 N CIO4 and I C ] ^ ( 152) . 

The r a t i o o f the coup l ing constants o f c h l o r i n e i n (CH 3 ) 3 N-C1 t o 

(CH 3 ) 3 P-C1 i s 1 .93» assuming o f course, zero asymmetry parameter . T h i s 

and the change i n i o n i c character i s a consequence o f the g r ea t e r 

e l e c t r o n e g a t i v i t y o f n i t r o g e n . The p o s s i b i l i t y o f d o r b i t a l p a r t i c i p a t i o n 

i n p a r t i a l P-Cl t t -bonding cannot be r u l e d o u t , however i t i s u n l i k e l y i n 

the N - C l case. The t r e n d m c o u p l i n g constant f rom (CH3)2N-C1 t o 

CH3NCl2 i s reasonable because both increased c h l o r i n e s u b s t i t u t i o n and 

l o s s o f a methyl group would tend to cause p o s i t i v e s h i f t s i n the NQR 

f r equency . The nega t ive e f f e c t o f adding a methyl group t o (CH3)2NC1 i s 

complete ly swamped by the f o r m a t i o n o f a c a t i o n i c species , (CH 3 ) 3 N-C1, 

so t h a t the f requency and coup l i ng constant inc rease , f rom 43.67 t o 

56.09 MHz. 
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2. I n f r a Red Spectroscopy 

The i n f r a red spec t ra o f a v a r i e t y o f new n i t r o g e n halogen compounds 

have been recorded u s i n g a PE 457 g r a t i n g spectrometer i n the range 

4000-250 cm The r eg ion 400 cm ^-40 cm ^ was i n v e s t i g a t e d u s i n g a 

Beckman RIIC PS720 i n t e r f e r o m e t e r . Spectra i n t h i s r e g i o n were obta ined 

f rom the recorded i n t e r f e r r o g r a m u s i n g a f o u r i e r t r a n s f o r m based on t h a t 

by Cooley and Tukey ( l 5 4 ) » 

The i n f r a red abso rp t i on f requenc ies observed f o r the ca t ions 

(CH 3 ) 3 N_C1 and (CH 3) 3N—Br are shown i n Table 26. 

TABLE 26 

OBSERVED INFRA RED ABSORPTION FREQUENCIES FOR CATIONS 

(CHO^NCl - AND (CHO^NBr V/ITH DIFFERENT ANIONS 

(CH.OsNCl (CHO^NBr 

CIO4 ( a ) CIO4 ( b ) BF4 0S0 3 CH 3 0S0 2F~ BCI4 0S0 2F~ CIO4 

336 336 336 335 335 330 295 295 

403 403 403 400 400 400 325 325 

815 815 815 810 820 815 805 805 

935 935 935 940 940 940 945 945 

( a ) c a t i o n prepared f rom (CH 3 ) 2 NC1 and CH 3C10 4 

( b ) c a t i o n prepared f rom (CH 3) 3NC"l2 and<*yC104 
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The spectra were ob ta ined as m u l l s i n n u j o l u s i n g Csl p l a t e s p r o t e c t e d 

by a t h i n f i l m o f p o l y e t h y l e n e . Spectra were run agains t a po lye thy lene 

b l a n k . 

V i b r a t i o n a l assignments can be "lade by cons ide r ing t h a t the c a t i o n 

(CH3)3N-X i s a 5 atom C3V s t r u c t u r e , a l l methyl groups being equ iva l en t 

and o f mass 15. T h i s method has been used by Gayles (155) and by 

Yokobayashi and co-workers (120) i n c o n s i d e r a t i o n o f the i n f r a red 

spectra o f complexes o f the type (CH 3 ) 3 NXY, and by Z e i l (156) i n the 

compound (CH 3 )3CC1, which i s i s o e l e c t r o n i c w i t h ( C H 3 ) 3 N - C 1 . 

The r e s t r i c t i o n imposed by t h i s assumption i s t h a t o n l y absorp t ions 

below 1000 cm ^ can be considered, since those above, i n these compounds 

are predominant ly C-R modes. 

For the 5 atom C5V s t r u c t u r e , shown i n F igure 73> the number and 

a c t i v i t y o f the normal modes can be deduced f rom the charac te r t a b l e f o r 

the C3V p o i n t group ( 1 5 7 ) . Such a t a b l e , i n c l u d i n g the number o f 

r e d u c i b l e r e p r e s e n t a t i o n s , found by a p p l y i n g the i n d i c a t e d symmetry operand 

t o the co -o rd ina te system, and summing the d iagona l elements o f the 

generated m a t r i x , i s shown i n Table 27. 

FIGURE 73 

5 ATOM C.sv STRUCTURE V/ITH CO-ORDINATES FOR ( C H Q B N - C I 

N 

CL 

O C H 3 group 
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TABLE 27 

CHARACTER TABLE FOR POINT G-ROUP C^v 

C*v E 2C* 3o-v 

A l 1 1 1 T * [»*.] W x x + K y y , « z z 

A 2 1 1 -1 R z 

E 2 -1 0 (Tx .T^CRx .Ry) [ ( u x , u y ) ] 

r t 
15 0 3 

The i r r e d u c i b l e r epresen ta t ions can be found f rom the r educ ib l e 

r ep resen ta t ions as f o l l o w s : 

A ^ : V6 [ ( l5 x l ) + (0 x 1 x 2) + (3 x 1 x 3)] = 4 

A 2 : V6[(15 x l ) + (0 x 1 x 2) + (3 x - 1 x 3)] = 1 

E: V6[(15 x 2) + (0 x - 1 x 2) + (3 x 0 x 3)] = 5 

r e s u l t i n g i n 4 A j + Ag + 5E modes. From the charac te r t a b l e however, 

these are 1A^ + IE f o r t r a n s l a t i o n , T , and 1A2 + IE f o r r o t a t i o n , R, t o 

be sub t r ac t ed , l e a v i n g f o r the i o n ( C H 3 ) 3 N - C 1 , 3A]̂  + 3S modes.. 

The charac te r t a b l e shows t h a t bo th A^ and E v i b r a t i o n s are bo th 

i n f r a red and Raman a c t i v e since the components o f the p o l a r i s a b i l i t y , 

and d i p o l e moment, u , belong to these species i n t h i s p o i n t group. 

The s i x v i b r a t i o n s f o r (CH 3 ) 3 N-C1 are shown i n F igure 74» and 

descr ibed m Table 28. 



FIGURE 74 

NORMAL MODES OF VIBRATION FOR (CH^)^N-Cl ION 

vM <l 
-* "•-© 

v N - C l (A, ) v C - N V C - N (E ) 

v1 vz vs 

S N C 3 ( A , ) £ N C 3 (E) ^ N C 3 (E) 

\ V5 V6 

TABLE 28 

VIBRATIONAL DESCRIPTION FOR ( C H Q B N - C I STRUCTURE 

V i b r a t i o n D e s c r i p t i o n 

V l N-C'l s t r e t c h 

Symmetric C-N s t r e t c h 

^3 Asymmetric C-N s t r e t c h 

^ 4 Symmetric C-N-C de fo rma t ion o r N-C-N bend 

^5 Asymmetric, C-N-C de fo rma t ion o r C-N bend 

NC3 r o c k i n g mode 
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The absorp t ions observed f o r the ca t ions ( C H s ^ N - C l and (CH 3 )3N -Br 

may now be assigned v i b r a t i o n a l modes. Prom Table 27, the absorp t ions 

a t 815 and 935 cm"1 are assigned to the A^ and E carbon n i t r o g e n 

s t r e t c h i n g modes, i n accordance »vith the C-W modes i n a v a r i e t y o f 

(CH3)3N-»(acceptor) complexes as w e l l as ( C H 3 ) 3 N i t s e l f , as shown i n 

Table 30. 

The N - C l s t r e t c h i n g v i b r a t i o n was i d e n t i f i e d i n the spectrum by 

u t i l i s i n g the two c h l o r i n e i s o t o p e s . Provided s u f f i c i e n t r e s o l u t i o n i s 

a v a i l a b l e , the abso rp t ion recorded by the ins t rument w i l l appear as a 

d o u b l e t , the r a t i o o f i n t e n s i t i e s r e f l e c t i n g the r a t i o o f MC1 and 

3 7C1 i s o t o p i c abundances. 

An expanded scale record o f the abso rp t i on observed a t 403 cm"' 

i s shown i n F igure 75» where i t can be seen t h a t the i n t e n s i t y r a t i o i s 

approximate ly y . l , and the separa t ion i s 5 era1 . 

The magnitude o f the s p l i t t i n g can be c a l c u l a t e d by making two 

assumptions. F i r s t l y the i o n ( C H 3 ) 3 N - C 1 i s considered a mix tu re o f 

d ia tomic molecules , compris ing o f an atom o f mass 59» ((CH 3 ) 3 N—) bonded 

t o e i t h e r o f the c h l o r i n e i so topes o f mass 35 and 37 • Secondly, the 

f o r c e constants f o r the 5 , M — ^ C l and M M — f c l bonds are considered equal 

and t h a t i t i s pos s ib l e to express the v i b r a t i o n i n terms o f a hannomc 

o s c i l l a t o r whose f requency o f v i b r a t i o n i s g iven by the equat ion 

V = i _ IT 
2 W u 

where f 13 the f o r c e constant and u i s the reduced mass g iven by the 
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1 
CM 

375 350 400 

fig 75 EXPANDED SCALE SPECTRUM OF THE 

ABSORPTION AT 403cm IN ( C B ^ N C l CIC[ 



equat ion 

1 = 1_ + 1_ 
u Mi Mr 

where Mi r e f e r s t o the mass o f the c h l o r i n e i so tope (35» 37) and Mr 

r e f e r s t o the mass o f the residue (59)» 

I t i s thus pos s ib l e to w r i t e two s i m i l a r equations r e l a t i n g the 

frequency o f each i s o t o p i c v i b r a t i o n : 

V35 = i - yST' V 3 7 = i - /ST 
2« V U35 2w V/ \lyj 

and the r a t i o o f the f r equenc ies i s g iven by: 

where u 3 y = 37 x 59 

37 + 59 

hence V35 = 1-017V37 

o r the separa t ion between the two v i b r a t i o n s £ \ ) , i s 

A\J = I.OI7V37 -V37 

^ = 0.017V 3 7 

and at 2*03 cm - 1 , the separa t ion i s found to be 6.9 cm"1 . 

Th i s v a l u e , approximately 7 cm 1 , compares f a v o u r a b l y w i t h the 

observed value o f 5 cm , cons ide r ing the assumptions made. The , 
ri' 

i n t e n s i t y r a t i o o f 3s1 i s i n agreement w i t h the abundance r a t i o f o r the 

two c h l o r i n e i so topes o f 3«09:1 (158). 

The v i b r a t i o n observed a t 335 cm"1 i s e i t h e r a NC3 de fo rma t ion o r 

NC3 r ock ing mode. I t seems l i k e l y t h a t i n view o f the low i n t e n s i t y o f 

(Wyf s ince = f 3 7 

V H35 

and n 3 5 = 35 x 59 

59 + 35 
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the NC3 r o c k i n g modes observed i n the t r i m e t h y l a n i n e halogen a d d i t i o n 

compounds (120 , 155)> the v i b r a t i o n a t 335 cm - 1 i s assigned t o e i t h e r 

o f the NC3 de fo rmat ion modes, and most p robably the symmetric mode 

since t h i s appears the s t ronges t i n the i s o e l e c t r o n i c (CH3) 3CC1 spectrum 

shown i n F igure 7ci. The miss ing NC3 de fo rma t ion and r o c k i n g modes were 

not de tec tab le even m ve ry s t rong m u l l s i n the f a r i n f r a red (350-10 cmA ) . 

The v i b r a t i o n a l assignments are summarised m Table 29. 

Assignments can be made on a s i m i l a r basis f o r the bromo c a t i o n , 

( C H 3 ) 3 N B r , where the absorpt ions a t 805 and 945 cm are the A-̂  and E 

carbon n i t r o g e n s t r e t c h e s , the N-Br v i b r a t i o n should, l i k e the N - C l , 

appear as a double t o f , i n t h i s case, equal i n t e n s i t y because, o f the 

approximate ly equal abundance o f ^ B r and s 1 B r ( 1 . 0 2 : 1 , ""'Br: w B r , ( 1 5 8 ) ) , 

and by c a r r y i n g out a s i m i l a r c a l c u l a t i o n as above, the expected s p l i t t i n g , 

-1 ^ at say 300 cm , i s o n l y 1 .5 cm . No s p l i t t i n g was de tec ted on e i t h e r 

o f the 325 cm-1 o r 295 cm"1 v i b r a t i o n i n (CH 3 ) 3 NBrCl04 o r ( C H 3 ) 3 N B r 0S0 2 F~, 

which i s n o t ( s t r i c t l y j s u r p r i s i n g . 

Comparing C-Cl and C-Br f requenc ies f o r (CH 3 ) 3 CC1 and ( C H 3 ) 3 C B r , 

f rom Table 29, a 60 cm ' r e d u c t i o n i s exper ienced, which i s the same as 

t h a t experienced i n going f rom (CH 3 ) 2 NC1 ( N-C] , 595 cm"1 ) t o 

(CHs^NBr ( N-Br , 535 cm"1 ) . I t thus seems l i k e l y t h a t the abso rp t ion at 

325 cm"1 m both the FS0 3 and CIO4 an ion o f ( C H 3 ) 3 N B r i s a t t r i b u t a b l e t o 

t h i s a b s o r p t i o n , r epresen t ing a 78 cm - 1 r e d u c t i o n m f requency . 
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TABLE 29 

VIBRATIONAL ASSIGNMENTS FOR HALOTRIMETHYLAtfllQWIUM PERCHLORATES 

COMPARED WITH THE ISOELECTRONIC t-BUTYL HALIDES 

V i b r a t i o n (CH.O^N CI (CHO*N Br (CHO^CCl (CHO<<CBr 

V i (N-X) A1 40 3 325 580 520 

\ } z (C-N) A1 865 805 815 806 

V 3 (C-N) E 935 945 1396 1413 

V 4SNC 3 A-L 295 370 303 

V5 6NC3 E - - 398 

V6PrNC 3 E - - 300 268 

Reference This work This work 155 155 

The absorption at 295 cnf 1 i n ( C ^ ^ N - B r appears to c o r r e l a t e 

w i t h the 335 cm 1 absorption i n (CH^^N-Cl, t e n t a t i v e l y assigned t o the 

A^6NC3 s k e l e t a l mode. Comparison again w i t h the chloro and bromo 

t b u t y l analogues i n d i c a t e a 67 cm-1 reduction from (CH3)^CC1 to 

(C n3)3CBr, which i s compared w i t h 2*0 cm-1 i n the halotrimethylammonium 

species i f the 295 cm-1 absorption i s , as i t seems l i k e l y , the A^<5NC3 

s k e l e t a l mode. 

As w i t h the (CH 3) SNC1 case, very strong mulls o f (CH 3) 3NBr C10 4 

o r FSO3 f a i l e d to y i e l d any f u r t h e r absorptions which could be 

a t t r i b u t e d t o the E 5 NC3 and E / > r N C 3 modes o f the bromotrimethylammonium 

c a t i o n . The v i b r a t i o n a l assignments f o r (CR^^N-Br i n (CH 3) 3NBrC104 are 

shown i n Table 29. 
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When the 5 atom C3V s t r u c t u r e assumed f o r the analysis of the 

halotnmethylammonium c a t i o n i s extended t o a 6 atom C3V s t r u c t u r e as 

i n f o r example (CHs^N^* then the number o f reducible representations 

from the C3V character t a b l e y i e l d 5A^ + Ag + 6E modes, which when 

1A^ + IA2 and 2E modes are subtracted f o r r o t a t i o n and t r a n s l a t i o n , there 

are 4A1 a n (^ 4E modes remaining, which are, o f course a l l i n f r a red a c t i v e . 

The e x t r a two modes are a N-X-Y, (E) bend and X-Y ( A i ) s t r e t c h . 

Table 30 l i s t s the assignments and frequencies f o r a l l known 

trimethylamme halogen and int e r h a l o g e n complexes along w i t h the 

frequencies f o r tnmethylamine i t s e l f . 

The complex (CH3)3NCl2> presents a s i t u a t i o n intermediate between 

s t r u c t u r e s such as (CH3)3N-*-XY where X and Y are halogens, e.g. 

(CHs^NICl, and s t r u c t u r e s i n v o l v i n g the c a t i o n (Ch^^N-Cl, Z where 

Z~= CIO4 f o r example. 

TABLE 30 

COMPARISON OF FREQUENCIES OF (CHO.^N HALO&EN AND . INTERHALOGEN COMPLEXES 

V i b r a t i o n (CHpaN Trimethylamine^ Complex 
12. Br? Clp IC1 I B r BrCl 

\ ) x N-X - 12+8 166 336 196 172 302^ 

\J 2 C-N 827 801 800 800 809 807 800 

C-N 1063 999 989 962 993 996 985 

V 4 <SNC 3 A x 358 365 320 324 434 434 435 

V 5 JNC3 E 434 468 494 544 490, 471 482 500 

Vg prNC 3 269 - 267 - - 269 -
Vy X-Y - 188 224 348 249 206 278 

V 85NXY - 50 70 88 147 90 -
Reference 154 154 154 This work 120 120 This wor 

'? 
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This s i t u a t i o n i s c l e a r from a chemical p o i n t o f view as f o r 

example (CHj^NClg i s very soluble m water y i e l d i n g (CH3) 3N-C1 cations 

w h i l s t (CH3) 3NIC1 f o r example i s n o t , i n d i c a t i n g a strengthening o f the 

N-halogen bond and a corresponding weakening o f the halogen-halogen bond. 

I n the s o l i d phase however, the i o n i c f o r m u l a t i o n (CHs^N-Cl CI 

cannot be e n t i r e l y c o r r e c t since i f i t were the i n f r a red spectrum o f 

(CH3)3NCl2 would resemble c l o s e l y t h a t o f (Ch^^NCl , which o f course 

i t does n o t . A complete spectrum o f (CH 3)3NCl2 i s shown i n Figure 77» 

and the assigned frequencies l i & t e d i n Table 30* 

The assignment o f the v i b r a t i o n s at 962 and 800 cm-1 t o the E 

and A-̂  C-N s t r e t c h i n g modes i s i n accord w i t h the other trimethylamine 

halogen data. The NC3 deformation modes at 544 (E) and 324 (A^) were 

assigned on the basis o f i n t e n s i t y and t r e n d . The asymmetric mode at 

544 f i t s w i t h the tre n d i n increased frequency w i t h reducing t o t a l mass, 

as shown m Figure 78 where the frequency o f the SNC3 v i b r a t i o n i s p l o t t e d 

against the r e c i p r o c a l o f the square r o o t of the t o t a l halogen mass f o r 

the complexes (CH 3)3Nl2, Br2 and CI2. The i n t e n s i t y o f t h i s v i b r a t i o n 

i s h i g h , and t h i s i s t r u e o f a l l the (CH 3) 3N (halogen)2 species. 

The symmetric SNC3 mode at 324 i n (CH 3) 3NCl2 compares w i t h 365 cm"1 

i n ( C H 3 ) 3 N I 2 and 320 cm-1 m (CH 3) 3NBr2, a l l o f which are l i t t l e moved 

from the pure trimethylamine absorption at 358 cm-1 . 

The N-Cl s t r e t c h i n g frequency would be expected t o be a meak 

absorption, lowered i n p o s i t i o n and i n t e n s i t y r e l a t i v e to t h a t found i n 

the c a t i o n (CHg^N-Cl, at 403 cm"1 , because o f the i n f l u e n c e o f the 

second c h l o r i n e atom. Looking at the tre n d i n N-hal frequency i n d i c a t e d 
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i n Table 30, the move from N-I to N-Br 13 accompanied by o n l y an 

18 cm"1 change i n frequency, from li+B cm"1 t o 166 cm-1 , and t a k i n g i n t o 

account the mass d i f f e r e n c e s , on a simple basis, the N-Cl frequency 

ought t o be m the 200-300 cm"4 r e g i o n . There are no absorptions i n 

t h i s p a r t i c u l a r band o f the spectrum, the nearest weak absorption being 

at 336 cm 1 , t o which the N-Cl frequency i s assigned. This represents 

an increase i n frequency over what would be expected and should be 

accompanied by a Cl-Cl frequency v/hich e x h i b i t s a p r o p o r t i o n a l l y l a r g e r 

d i m i n u i t i o n from f r e e CI2 than the I-T o r Br-Br frequencies i n the 

complexes do from the f r e e halogen. This i s understandable i f a weaker 

Cl-Cl i n t e r a c t i o n e x i s t s i n (CH 3)3NCl2 than Br-Br o r I - I i n t e r a c t i o n i n 

(CHs^NBrg o r (CH 3) 3Nl2. C e r t a i n l y t h i s s i t u a t i o n would be expected 

since (CH 3) 3N-C1 forms r e a d i l y from (CH 3)3NC1 2 w h i l s t there i s no 

evidence o f a s i m i l a r s i t u a t i o n i n (CH 3) 3NBr2 o r (CH3)3Nl2» 

An assignment o f 348 cm"1 f o r the Cl-Cl frequency would be 

c o n s i s t e n t w i t h the above argument, representing a 209 cm"1 r e d u c t i o n 

i n frequency from the f r e e CI2 Raman absorption at 557 cm"1 ( l 5 7 ) » the 

equivalent Br2 and I2 f i g u r e s being 93 cm"1 from 317 cm1 and 41 cm"1 

from 213 cm"1 (157) . 

At low wavenumbers, an absorption at 88 cm 1 i s assigned to the 

N-C1-C1 deformation mode (V3 Table 30) which i s m agreement w i t h the 

trends observed f o r the other two halogen trimethylamine complexes. 

The remaining NC3 rocking mode would be expected at a s i m i l a r 

p o s i t i o n t o t h a t found i n trimethylamine i t s e l f or i t s halogen adducts. 

I t i s at 269 cm"1 m f r e e (CH 3) 3N, 267 cm"1 i n (CH 3) 3NBr2 and 269 cm"1 



i n (CH3)3NIBr, thus appearing f a i r l y i n s e n s i t i v e to the group 

associated w i t h the n i t r o g e n lone p a i r . I t i s a very weak absorption, 

and indeed even i n very t h i c k mulls of (CH3)3NCl2> no absorptions could 

be found i n t h i s r e g i o n . 

The (CH 3) 3NBrCl a d d i t i o n complex completes the set o f (CH 3) 3N, 

halogen and interhalogen complexes. The frequencies o f the absorption 

found f o r t h i s complex are also l i s t e d i n Table 30 • Again, assignment 

o f the C-N modes a t 800 cm" and 985 cm" i s consistent w i t h i n t h i s 

group o f trimethylamine a d d i t i o n complexes, both from i n t e n s i t y and 

p o s i t i o n p o i n t s o f view. The asymmetric NC3 deformation mode a t 

500 cm-1 i s i n good agreement w i t h the trend observed f o r (CHs^NICl 

and (CH3) 3NIBr, indeed a p l o t o f t h i s frequency against the r e c i p r o c a l 

o f the square r o o t o f the t o t a l halogen mass i s a good s t r a i g h t l i n e , 

as shown i n Figure 78. I t i s i n t e r e s t i n g to note t h a t the in t e r h a l o g e n 

class show s l i g h t l y b e t t e r agreement than the dihalogen c l a s s , and also 

the slope o f the l i n e i s s l i g h t l y d i f f e r e n t f o r these tv/o groups o f 

complexes, as i s r e f l e c t e d i n the symmetric mode f o r t h i s v i b r a t i o n , 

where the (CH3) 3Nl2, Bi£ and Clg complexes absorb m the region 

320-365 cm"1 , the (CH 3) 3NIC1, I B r and BrCl absorb at 435 cm-1 . 

The p o s i t i o n of the N-Br absorption at 278 cm"1 i s i n agreement 

w i t h the expected tr e n d m going from the f r e e i o n , (CH 3) 3N-Br, at 

325 cm - 1 , t o the bromine complex at 166 cm"1 . A value o f 302 cm - 1 i s 

cons i s t e n t w i t h i n c r e a s i n g mass on the bromine i n (0113)31!—Br and a weaken 

of the N-Br bond i n going from (CH 3) 3N-Br CI t o (CH 3) 3NBr-Cl. 
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The absorption a t 278 cm i s assigned to the Br-Cl s t r e t c h i n g 

frequency, i t showing a s i m i l a r trend i n i t s frequency r e d u c t i o n from 

the f r e e compound. The values f o r the f r e e and coraplexed interhalogen 

and halogen frequencies are shown i n Table 31• 

TABLE 31 

REDUCTION IN HALO&EN-HALOGEN STRETCHING FREQUENCY IN COMPLEXES T7ITH (CHpsN 

12. CI? IC1 I B r BrCl 

V(X-X) f r e e 213 317 557 381.5 266.8 439.5 

V (X-X) complex 172 224 343 249 206 278 

A V 41 93 209 132.5 60.3 161.5 

(Data f o r f r e e halogens from reference (156) , complexed I 2 , Br2 from 

reference (154) , I C 1 , I B r from reference ( 1 2 0 ) ; CI2, BrCl, t h i s work). 

The data i n Table 31 can be considered i n several d i f f e r e n t ways. 

The trend observed f o r (CHs^NTCl, BrCl and CI2, shows an increase i n 

the reduction from the f r e e i n t c r h a l o g e n o r halogen frequency which i s 

consistent w i t h a change i n s t r e n g t h o f the X-Y bond, the g r e a t e r the 

d i m i n u i t i o n from the f r e e halogen frequency i n d i c a t i n g a greater 

weakening o f the X-Y bond, o r strengthening o f the N-hal bond, which 

would be expected i n going from (CH3)3NCl2 where (CHs^NCl CI occurs 

r e a d i l y , t o (CH 3) 3NIC1. 

Conversely, the t r e n d observed i n (CH 3) 3NIC1, I B r , I 2 i n d i c a t e s 

a weakening o f the N-I bond, which i s c o n s i s t e n t w i t h the decrease i n 

e l e c t r o n e g a t i v i t y encountered i n going from CI t o I , which i n t u r n 

would i n f l u e n c e the i o n i c character of the I-X bond, IC1 being more 

i o n i c than I 2 , which i n t u r n would tend to increase the N-I bond s t r e n g t h 

i n (CH 3) 3NIC1 over that m ( C H 3 ) 3 N l 2 . 



3. Conclusions 

I n c o n c l u s i o n , c h l o r i n e NQR spectroscopy has shown t h a t i n the 

compounds of (Ch^^NCl with anions such as CIO4 and BP4 , the c h l o r i n e 

atom p o s s e s s e s a s l i g h t p o s i t i v e charge. The bonding between n i t r o g e n 

and c h l o r i n e atoms i s expected to be between a sp - 5 h y b r i d n i t r o g e n 

o r b i t a l and an almost pure p c n l o r i n e o r b i t a l . I t i s expected t h a t the 

C-N and N-Cl bond l e n g t h s are s h o r t e r tnan those expected from the sum 

of the c o v a l e n t r a d i i . 

The s m a l l bond d i p o l e i s r e f l e c t e d i n the low i n t e n s i t y of the 

N-Cl s t r e t c h i n g frequency i n the i n f r a r e d . I n the complex (CH3)3NCl2» 

the C3V symmetry noted f o r (CH 3)3N-C1 i s maintained, and i n f r a red d a t a 

c o r r e l a t e w e l l w i t h t h a t f o r o t h e r (Ch^^N halogen complexes. 

The t r e n d s i n N-X and X-X f r e q u e n c i e s f o r (CHs^NXg s p e c i e s i s 

c o n s i s t e n t w i t h the expected changes m bonding i n going from a N-C1-C1 

s t r u c t u r e to a N - I - I , a g r e a t e r N-Cl i n t e r a c t i o n being i n d i c a t e d i n 

(CH 3) 3NCl2 than N-I i n t e r a c t i o n i n ( C H 3 ) 3 N l 2 . 

The i n t e r h a l o g e n a d d i t i o n compounds of trimethylamine show s i m i l a r 

t r e n d s , d a t a f o r the B r C l complex f i t t i n g w e l l w i t h the e x i s t i n g d a t a 

f o r (CH 3) 3NIBr and (CH3) 3NIC1. 

The expected gradation i n N-Br s t r e t c h i n g frequency i n going from 

(CH3)3NBr , (CH 3)3NBrCl, (CH3)3NBr2 i s apparent, again c o n s i s t e n t w i t h 

e l e c t r o n e g a t i v i t y c o n s i d e r a t i o n s i n f l u e n c i n g the N-Br bond. 
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GENERAL DISCUSSION AND CONCLUSIONS 

The r e a c t i o n s of dimethylchloramine and r e l a t e d compounds are shown 

schematically i n Figure 7Q> where d i f f e r e n c e s m behaviour o f the N-Cl 

bond can be seen. I n most cases, the N-Cl bond i s broken, c h l o r i n e 

u s u a l l y present at the end o f the r e a c t i o n as C I . Only i n the case o f 

reactions v>ith powerful a l k y l a t i n g agents, f o r example CH3OSO2F o r 

CH3OCIO3, i s the N-Cl bond preserved, c o n t r a s t i n g w i t h the behaviour 

towards CK3I, where the anion (CH3)2N(lCl)2 forms. 

Dimethylchlorarcine acts, e x c l u s i v e l y , as an o x i d i s i n g agent towards 

the methyl hydrazines and hydrazine i t s e l f , y i e l d i n g products r e s u l t i n g 

from e i t h e r the complete breakdown o f the N-N bond as i n CH3NHNH2 o r 

N2H4, o r products r e s u l t i n g from o x i d a t i v e coupling as i n (CH3)2NNH2, 

or p a r t i a l o x i d a t i o n leading t o lmmine formation as i n (CH3)2NNHCH3, 

y i e l d i n g (CH 3) 2NN=CH 2. 

With the methyl amines and ammonia, d i f f e r i n g behaviour was noted 

depending on the extent o f a l k y l s u b s t i t u t i o n * " / i t h ammonia, (CH 3 )2N MH 2 

formed w h i l s t w i t n trimethylamine, C-N bond formation occurred y i e l d i n g 

the diamine (CH3)2NCH2N(CH3)2, which i s i n contrast w i t h the corresponding 

r e a c t i o n o f NH2CI where a N-N bond was esta b l i s h e d y i e l d i n g the c a t i o n i c 

species (CIl 3) 3NNH2 . 

I n the case of methylamine and dimethylairine, the s i t u a t i o n i s f a r 

le s s c l e a r . I n both cases appreciable q u a n t i t i e s o f methane were observed, 

along w i t h NH3 and the immine (CH3)2NN=CH2 w i t h CH3NH2, and the diamine 

(CH3)2NCH2N(CH3)2, tetramethylmethylenediamine, TMMD, i n the case o f 

(CH 3) 2NH. 
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The products noted f o r NH3, CH3NH2 (CH3)3N can be r a t i o n a l i s e d 

i n terms o f not n u c l e o p h i l l i c a t t a c k of the amine on the chloramine 

n i t r o g e n as i s the case w i t h NH2CI, but by a simple dehydrohalegonation 

r e a c t i o n i n v o l v i n g a C-H bond i n the case o f (CHg^N and N-H bonds m 

the case o f MH3 and CH3NH2 , however w i t h CH3NH2 the r e a c t i o n must have 

an a l t e r n a t i v e pathway since CH4 and NH3 were observed. 

TMMD formation from the dimethylamme r e a c t i o n i s perhaps e x p l i c a b l e 

i n terms of the chloramine decomposition where t h i s amine was observed. 

(CHs^NBr decomposes, at -Ql+°C, t o y i e l d , amongst other products, (CH 3 )3N, 

which has been shown t o react w i t h (CH 3 )2NC1 t o y i e l d TMMD. I t i s 

u n c l e a r why (CHs^NH should behave m a d i f f e r e n t manner t o the other 

simple amines. 

The behaviour of both (CH 3 )2NC1 and (CH 3) 2NBr towards a l k y l a t i n g 

agents i s extremely i n t e r e s t i n g i n t h a t two d i f f e r e n t pathways are found, 

depending on the a l k y l a t i n g agent employed. 

With methyl esters o f c e r t a i n oxo acids, such as HOSO2P, HOSO3CH3 

and HCIO4, r e a c t i o n proceeds m the conventional manner, as would be 

expected o f a t e r t i a r y amine and an a l k y l a t i n g agent, y i e l d i n g the 

halotrimethylammonium c a t i o n . However w i t h the methyl h a l i d e s , completely 

d i f f e r e n t products are formed. Methyl i o d i d e , the usual m e t h y l a t i n g 

agent, forms, w i t h (CR^^NCl, a pseudo p o l y h a l i d e , ( C H 3 ) 2 N(lCl ) 2, and 

w i t h (CH 3) 2NBr, the analogous ( C H 3 ) 2 N ( l B r ) 2 , i n which the (CH 3) 2N moiety 

can be considered as a pseudo h a l i d e . 

Methyl bromide, on the ot h e r hand, y i e l d s the a d d i t i o n complex o f 

trimethylamine and the mterhalogen BrCl, (CHs^NBrCl. 
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The c a t i o n , (CH 3) 3NC1, from NQR evidence, contains a c h l o r i n e atom 

which i s very s l i g h t l y p o s i t i v e , i . e . the N-Cl bond i s p o l a r i s e d such 

t h a t the p o s i t i v e end o f the d i p o l e resides on the c h l o r i n e atom. The 

bond i s considered as being formed from a n i t r o g e n sp^ o r b i t a l and an 

almost pure c h l o r i n e 3p o r b i t a l , since the s character i s around 2fi. 

As a consequence o f t h i s , and an i o n i c character o f around 1.5$> c a l ­

c u l a t i o n s i n v o l v i n g e l e c t r o n e g a t i v i t i e s i n d i c a t e that the C-N and N-Cl 

bonds are sh o r t e r than t h d t i n d i c a t e d by a s t r a i g h t f o r w a r d sum o f covalent 

r a d i i by around 2/J. 

I n aqueous s o l u t i o n , the c a t i o n (CH 3) 3NC], shows the same UV spectrum 

as the trimethylainme c h l o r i n e a d d i t i o n complex, (CH 3) 3NCl2, and indeed 

the s a l t s (CH 3) 3NC1 CIO4 and (CH 3) 3NC1 BP4 can be p r e c i p i t a t e d from 

aqueous s o l u t i o n s o f (CH 3) 3NCl2 by a d d i t i o n of CIO4 o r BP4 10ns. The 

hexafluorophosphate, azide and thiocyanate o f the c a t i o n are f r e e l y 
+ 

soluble m water. Confirmation t h a t (CH 3) 3NCl2 y i e l d s (CH 3) 3NC1 ions i n 

aqueous s o l u t i o n can be found i n the r e a c t i o n of (CHs^NCl w i t h CH3OC103, 

vhere (CH 3) 3NC1 CIO4 i s formed, and the i n f r a red spectrum o f t h i s i s 

i d e n t i c a l w i t h t h a t o f the product p r e c i p i t a t e d when (CH 3) 3NCl2 i s t r e a t e d 

w i t h an excess o f CIO4 ions, i n aqueous s o l u t i o n . 

A p a r a l l e l s i t u a t i o n e x i s t s w i t h (CH 3)2NBr, where CH30S02F forms 

the unstable (CH 3) 3NBr OSO2F, which i s ooluble i n v/ater, and y i e l d s , when 

t r e a t e d w i t h an excess o f CIO4 10ns, (CH 3) 3NBr CIO4, as a p r e c i p i t a t e . 

Considering the r e a c t i o n o f the dimethyl halaminos w i t h a l k y l a t i n g 

agents as a whole, i t seems unreasonable to suppose t h a t the basic 

mechanism of the r e a c t i o n i s d i f f e r e n t f o r , f o r example CH30S02F and CH 3I. 
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I t seems l i k e l y that the i n i t i a l stop of the alkyl a t i o n reaction, which 

i t i s i n both product types, as the C:N r a t i o has been increased, i s 

nucleophillic attack of the halamine on the positive a l k y l group i n the 

ester. 

(CH3)2CIN^CH3S:-»- (CH3)2N-CH3 + X~ 
CI 

I n the case of X = 0S02F, 0S03CH3 or~0C103, the reaction stops here, 

since f u r t h e r attack of the oxo-anion on the positive nitrogen would not 

occur, however when X i s a halogen, f o r example I , there appears to be no 

reason why an N-I bond cannot be established: 

(CH3)3NC1 + I—»-(CH3)3NI + Cl-

and indeed, the addition of I to aqueous solutions o f (CH3)3NC1 

precipitates (CH 3) 3NT 2, the known addition complex of Ig and (CH 3) 3N. 

The chloride ion formed m the I reaction can now y i e l d (CH3)3NTC1 

with the lodotrimethy]ammonium cation, and i n the reaction medium, the 

equilibrium 

(CH 3) 3NIC1^= (CH 3) 3N + IC1 

occurs. 

I t i s now possible f o r a furtner mole of CH3I to reaction with the 

much stronger base, (CH 3) 3N, to y i e l d (CH3)4Nand f u r t h e r I ions. 

The IC1 formed above can associate i t s e l f with a chloramine molecule 

to y i e l d the addition complex (CH3)2NC1IC1: 

(CH3)2NC1 + I C l ^ i ^ (CH3)2C1N-»IC1 
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and an I ion can act as a nucleopnile towards the s l i g h t l y positive 

co-ordinated nitrogen: 

r / . 
(CH 3) 2N (CH 3) 2N + CI ( \ ^ \ ^ I - C l \CC1 

I 

The chloride ion now associates i t s e l f with the N-I iodine to y i e l d the 

anion 

i - c i 
(CH 3) 2N 

\[-Cl 

I t i s possible to envisage the chloride ion association i n the la s t step 

of the reaction as part of a resonance structure f o r the anion, much m 

the same way as that considered ( 1 5 9 ) m IC1 2 where structures such as 

Cl - I CI-**-CI I-Cl 

account f o r longer I-Cl bond lengths, a lowering of the I-Cl stretching 

frequency, and appreciable ionic character of the I-Cl bond. I n the case 

of the (CH3) 2N(lCl) 2 anion structures such as 

/I----C1" ,'I-C1 

(CH 3) 2N — m- (CH 3) 2fr' 
\ \ *I-C1 ^ I - C l 

would occur. 

Such a system, however, would imply a certain amount of asymmetry 

about the nitrogen atom, one N-I bond being of d i f f e r i n g length to the 

other. Such asymmetry from crystallographic work, was not observed, and 

i t seems more l i k e l y tha+ the negative charge i s d i s t r i b u t e d over the 

I-N-I system resulting i n a shortening of the N-I bond length, which i s 
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observed, and a consequent lengthening of the I-Cl distance. 

The f i n a l step m the reaction would thus be: 

(CH 3) 2N 

I-CI / 
I-CI 

(CH 3) 2 

I-Cl 

-CI 

The reaction between Ch^Br and (CH3)2NC1 can be considered to follow 

a similar pathway to that described above, but the reaction stops a f t e r 

the attack of Br on the (C^^NCl cation: 

since presumably either (CHg^NBrCl i s not soluble i n the reaction medium, 

((CH3)2NC1 and CH3I) or that the equilibrium postulated f o r the CH3I 

reaction docs not occur: 

A possible reason why t h i s does not occur i s that the equilibrium demands 

that the N-Br bond be broken, which would be less l i k e l y i n t h i s case than 

m the equivalent CK3I reaction. 

I f the above speculations into the mechanism f o r the formation of 

the various alkylated species found i n the reaction of (CHs^NCl or 

(CH3)2NBr are true, then the i n i t i a l step i n these reactions are e f f e c t i v e l y 

equivalent, product differences being controlled by the reaction of the 

anion of the methyl ester with the i n i t i a l l y formed halotrimethy1ammonium 

cation. 

(CH3)2NC1 + CH3Br —*-(CH 3) 3NC1 + Br 

Br + ( CH 3) 3NC1—(CH 3) 3NBr + Cl" 

(CH 3) 3NBr + C l ~ — * - (CH 3) 3NBrCl 

(CH 3) 3NBrCl=^s; (CH 3) 3N + BrCl 
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Suggestions For Further Work 

The reaction of (CH 3) 2NC1 with the methyl amines has indicated that 

with CH3NH2 and (CH3)2NH a d i f f e r e n t mechanism appears to occur when 

compared with the reaction with NH3 and (CH 3) 3N. I t would be interesting 

to investigate t h i s mechanism further, and explain why methyl and 

dimethylamme behave i n a d i f f e r i n g manner. 

The anion ( C H 3 ) 2 N ( l C l ) 2 i s very interesting from a bonding point 

of view, and '*N NQR could provide an insight into the charge d i s t r i b u t i o n 

around the nitrogen atom. 

The formation of the cation (CH 3) 3NC1 from (CH 3) 3NC1 2 m aqueous 

solution, or i n the s o l i d phase with, f o r example BC1 3, could y i e l d a 

means of preparing other chlorammonium cations, as reacting variously 

substituted chlorammes with chlorine would y i e l d , f o r methyl derivatives: 

BC1 3 

(CH3)2NC1 + Cl 2 — * - ( C H 3 ) 2 N C l C l 2 (CK 3) 2NC1 2 BC1 4 

BC13 

CH3NC12 + C l 2 — » - CH3NC12 C l 2 — C H 3 N C 1 3 BC1 4 

BC1 3 + 

MC13 + Cl 2—»- NCI5 Cl^ NCU BCI4 

however due account must be taken of the decreased nitrogen basicity with 

increased chlorine substitution. 

Since the cation, (CH 3) 3NC1, possesses a chlorine atom which i s 

s l i g h t l y p ositive, compounds containing t h i s cation ought to be a better 

cnlonnatmg agent than chlorine i t s e l f , and from a water treatment point 

of view i t may be that an equimolar mixture of chlorine and trimethylamine 

would be more effective than chlorine on i t s own. 
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