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' HISTORICAL
(a) The bivalency of hydrogen
'The view-that'hydrogen could 1ink'together two other atoms,
and was thus, in effect blvalent was .first put forward in 1912
fby Moore and Winmill (J C. S 1912 1635) to account for the
large increase in strength of the alkylammonlum hydroxldes in
passing from the tri-alkyl to the tetra—alkyl compounds. They
suggested that the alkyl groups formed strong 11nks with the
nitroven atom, while the hydrogen atom formed a weaker 11nk d

with the nitrogen, and had re31dua1 afflnlty w1th which 1t

could attract the hydroxyl group, thus tendlng to prevent

ionisation. - :
' @ by
R — N—H—OH R—rlxl——R.. oH
' R

Diagram (a) shows the type of hydrogen bond thej envisaged
hetween the nitrogen andzoxygen atoms. The tetra alkyl’com¥
pounds are, however, completely dissooiated because such a bond
46 impossible in (D). - : | |

' The realisation that hydrogen can hold together two other

atoms has been accepted only‘gradually during the 1ast.thirty.



years.. The difficulty was that, a@ first, no explanation of
its mechanism could be éiven. Buﬁ néyertheless, the fact 6f
its existence has had fo be édmitfgd. In 1927, Sidgwick
(Electron Théory of Valency p;72) Said'there was strong evidence
thatlhydrogen could form a Qalency group of four electrons -
for example this would explain the behaviour of hydrofluoric
acid and of water. Hydrofluoric acid is found to polymerise
and even in the vapouf state containsii; F, molecules and higher
polymers as well. Thus the formula for the acid must be

H [F—s H—F ] or H[F —>H-F—H-F ] .

Tﬁe physical_pfoperties-of water are another argument in
favour of bivalent h&ﬁrogen. Waﬁer polymerises and forms,

especially at low temperatures, a triple polymer, the large

-molecular volume of which is responsible for the anomalous

behaviour of water when cooled below 4° C. The high surface

tension df water and its high boiling point (as compared with
the alcohols fdr:exampie) may also be attributed .to the same
cause. Sidgwick in the reference quoted above says there is
no way of depicting a polymér of water with non-polar links

except by supposing that the oxygen of one molecule forms a

co-ordinate link with the hydrogen of another; thus

i !
H—0 —H ¢— O—H <¢<—0—H
(b) The hydrogen bond

Some years later (see Organic Chemistry of nitrogen,
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Sidgwick. Revised. by Békér and Taylof'p,XVI) Sidgwick’s,%iew
that the hydrogen acted as~§n acceptof in a cofordinate_link
had altered. I‘He is now.incliped:to the view tﬁat ﬁhis
- meéhaniém is not possible.because it would necessitate two of
the.fou? shared-electroné being in thé'second guantum group.
But there they would not bé‘held firmly’enoﬁgh to account for}
the stébility of the link. This difficulty wés first poihted.
- out by Pauling (Proc. Nat. Acad. Sei., 1928, 359; J.4.C.S.,
1931, 1367) | | |

- The difficulty was overcoﬁe by the application of wave
mechanics'e the theory'of.quantdm mechanical resonance.,
Resonénce, and resonance aione, gives a satis%actory e;planation
of éo;OPQinated or bivalent hydrogen. The conception of
resonance is”the most_striking development in structural
chemistry for seventy years (since the conception.bf a three
dimensional structure pﬁt forward by-vanﬁEHoff in 1874).
Physical science can now depict-a possible, probablé mechaniém-
to explain thelqhemicallfacfs which have so long been admitted.

For resonance to be possible, there must-be several .
possible struétﬁres.for the molecule, each with the positions
of the atomic nuclei the same. Then, according to wave
mechanics, thelwave funcfiohvassociated with the true state of
thé moleéule, ié compounded of those associated with each

possible structure, and in such proportions as to make the total

energy of the system a minimum; - If there are two possible
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structures the true'state_of:the molecule is neither one nor
-the other but-somewhere between the two. '~ The molecule will
bave_to some extent the properties of eaéh structure (although
not neceésarily to the sahe'extent, because one form being
slightly @6re stable may predominate). Resonancé will oécur
whenever possiblelbecause thé 'hybfid' so formed has a smaller
energy content and therefore greater stability than either of
the two péssible structureé. The latter are called the
'unreal' or 'extreme' forms;. 'Substaﬁces with this type of
structure will show -tautomer'-i.é__'ch_aract-eristics but it will
nevef be possible to isolgté tWo.seﬁaraﬁe distinct isomers
becégse the.extreme.forms do not really exist -'ﬁhey aré only
pictorial aids to help us to visualize the true state of the
molecule., . |

In resonance, we can,picture-the Hydrogen atom as being
alternately bound to two.other atoms, forming a-'fésonance
hybrid'.

X—H Y X H=Y

There are two essential conditions for ~the formation of
such a hydrogen bond:
" (a) a suitabl& Piaced and suitably connected hydrogen
'acceptor' atom, and | |

(b) a suitable electron 'donor' atom.

If these are both present in the same molecule then there
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are two possibilities of hjdrogen bond formstion:
(a) a hydrogen bond between neighbouring;moleeules,
(b) a hydrogen bond withih the molecule. |
Whether a hydrogen bond can be formed.w1thin the molecule

will depend on the relative p051tion of -the donor and gcceptor
'atoms. The conditions which must be fulfilled (1nteratomie
distance, valehcy direction'etc.) before a hydrogen bond can
result have been discussed by Hunter (Chem; and Ind;, 1941, 32).
If these conditions can be ‘satisfied within the molecule, then
intra—molecular hydrogen bouaS'will probably be formed.: But
’where.the‘atomic'distanee between tne donor and acceptof atoms
of the same melecule is 100 gfeat (or other conditions un-
favourable) then inter;molecular'bonds between neighbouring
molecules will be formed. This williresult in molecular:
association and according ‘to Hunter (Chem. and Ind. 1944 no..
17 p.155=7) this is by fau the most common cause of molecular
association,;operating among many:organie and inorganic
compounds and also within the complex molecules which constitute-
a 1arge,pr0portion'of living tissue - for example,.protein
-molecules. According.te Speakman (Jourual of the Royal Society
of Arts, Oct 26th'l945,'p.60u) a wool fibre consists of several
- layers "of linked peptide chains held together by hydrogen
bonding and van der Waals forces!

. Hirst, discussing the structure of cellulose (Chem. and

- Ind. March 9th 19u6 p.110) says 'The general picture of
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'cellulose is a long straight unbrénched chain with definite

end gronps.' Models of this strucfure indicate more ciearly
the geometry of cellulose and raise the question of the forhs_
of the'siX'memberea'rings;- It can be seen that cross- llnkages
between hydroxyl groups in parallel .chains involving hydrogen
bonds-ere_poss1b;e, and may account for the slight react1v1ty

“of prdmary'hydroxylfas compared With.$econdary hydroxyl groups.

(c) Lhe N—H—O Bond

One of the, most famillar types of hydrogen bond is that
connecting two oxygen atoms (as in water, the alcohols, phenoie,
carboxyllc ac1ds) Fluorine can'also form strong bonds with
-hydrogen, and recently there has been ev1dence that nitrogen
- and sulphur can do so / Hunter 'The Assoclatlng Effect of the
Hydrogen Atom part VII (Jonrnallof“the Chem. Soc. 1941, 1) and ‘.
part XI (Journal Chem. Soc. 1942, 638)_7/ According to |
Sidgwick (Organic.Chem. of Nitrogen: Reviéed'by'Baken and
.Taylor 1937, p.XV) the tendency of hydrogen attached to
nitrogen to form a further link is small end confined almost
to one group of compounds;“fhe alky1>ammoniun hydroxides (as
first nofednby Moore and Winmill‘inhi912). . Sidgwick says the
1inkage of nitrogen to oxyéen through_hydroéen can. no doubt
occur to a small extent in other cases, as this presumably. '
explains the association of the amides; Buf‘reoenﬁiy there
_ has been evidence of several gronps of oompounds which have e -

hydrogen.bond N-H-0 structure; 'not only amides, but also
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sulphonamides (Hunter, Journal Chem. Soc. 1937, 1114) and
oximes (Sidgwick, Ann. Reports, 1934,. 31, L1).

There are grounds tob,'for believing that the strﬁctﬁré
and strength of natural and synthetic protéin fibres is due
partly to N—H;O bonds. The ordlnary type of nylon consists
- of long chains of -COo- (CH2»+—CO—NH (CHQ,S—Nh— groups. It
- is probable that adjacent.chains are held together by hydrdgen
bonds so giving strength to the fibré (it‘is_as'Strong;as real
silk). As can be seéﬁ from the diagram below, there is1the
possibility“of.N-H—o iinks af frequeht ihtefﬁals along the

chains.

o ' o :
A - ' H .. -0

o o y

N | " .: - kli
) | T o K3
~CN— o~y — C”z\ cH /CHl\CH - N\ﬁ-"'CHx\CH —CHi~y, C
| o - 2 - Th
H o

. The struchyre of ny’on'... ,
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Also, the hydrogen'bohding mentioned by Speakman in
connection with the structube of the wool fibre is probably

an N-H-0O linkage He depicts the general features of the
the © inwodl

two-dimensional structure of 11nked peptlde chains as shown

‘below.
NH Co
o S
)cn~ cnz- 5 —5— CH, —C\“
- Co Cyshne : : . €o
. P ~
- SN
_ N NH
q o
— Co
}Co >NH
+
00C — CH ,— CH—CH
)cu-—cH-—cH-—CH-CH-—Nﬂa >co
" CO } . _G-‘ul"qmlc. acld E
SNH _Lysnne
CH c>'CH
- , o o
>C0 h DNt
>c|-|— CH,, — CHa— CH, —NH— Sx\y o dco
Acdinine Aspartic acid. '
S o | k-
—~CH L >CH—I.
. - : co
> co The stroctore of wool . —

If, as he says, the more opganised parts of the wool fibre
consist of layers ef the.se’linked chains, there ﬁould be opporhunities

for N-H-0 bonds bétween neighbouring chains, as can be seen.
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The experlmental work done durlng the last two years
'l(19uu—u6) on the cerbamic este"s of whlch an account follows,
'_glves strong evidence of. the ex1stence of hydrogen bonds - |
__consist1nc of N-H-O llnks in esters of the type R. NH COO Et._

such links’ ex1st1ng sometlmes between nelghbourlng molecules

and sometlmes within the molecule.



THESIS..

THE MOLECULAR ASSOCIATION OF  THE CARBAMIC ESTERS.
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THE _MOLECULAR ASSOCIATION OF THE CARBAMIC ESTERS.
The N-H-O Bond.

The chemical properties of the carbamic esters
R.NH;COO Et sre & strong indicetion of moleculsr association
in these compounds. The view is here put forward that the
assOciétion is a resonance phénomenon due to hydrogen bonds.

Solubility considerations suggesf a hydfdgen bond
structure - ufethaﬁe, ﬁhenylufethane etc. beihg.higﬁly
soluble in water and other donor sol&énts, bdt only sparingly
‘8oluble in benzene and other hydrocarbon solvents. The
known tautomeric behaviour of thé esters

R.NH. COO Et = RN: G(OH)O Et
‘can also be explained as a resonance effect.

An investigation was médg into the molecular state of
carbamic esters of the series R.NH. COO Et and R.NX. COO Et |
(where X = alkyl, aryl etc. gfdups) when in solution in -
benzene, to see whether they Were:uni-mqlécular or gssociated.
The molecular weight meaéufements which have been made suggest
that there-isvwith the former series association of a hydrogen
bond cheracter - the latter series shows no assogiatibn.

,The‘measurements indicéte.clearly that the esters are of

two distinct types. Those pbssessing'an unsubstituted imino
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hydrogen atom (R.NH. - COO Et) ere associated when in solution
in benzene, whereas those in which the imino hydrogen is
feplaced (R.NX; CO0 Et) are uni-moleculsar.

The molecular weight deteﬁminatieus weﬁe'msde
cryescopicalxy in benzene over a range of concentration and
were celculated according to ideal solution. laws. The "
degree of associstion () is expressed as the.rstg% of the
molecular weight sas determined-experimehtelly, to the-formula

weight. By plotting oA against eoncentration it will be seen

that the curves fall into two distinct groups. The urethénes
with a free imino hydrogen stom.(nos. 1 to.7 FIG. 1) give rise

to fairly steep curves; those with no free imino hydrogen
~atom (nosf 8 to 12 EIG.'I) gite-é flat or geutly sloped curve
Ain the regiohti:l. A steep essoclation-concentration curve
fi¢gone in which K increases substantially withsrising |
COncentration,”is'tskeﬁ to indicste-associstibn. - A flat or
gently sloped curve iu'the regionixél is interpreted as aﬁsence
of assoc1at10n. ‘ |

Slnce the concentratlons are all over approximately the
.same range, and the range of molecular weights of the solutes
not great, errors due to departure from ideal behaviour will
be similar for each substance, and thus any errors due to
basing the cslculation of molecular welght (M) on ideal

solution laws w111 be great1y~min1mlsed if not obviated, by

Jjudging the relatlve positions .and slopes of the curves.
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Ffom tne fact that the ourves fall into two distinct
groups, it is suggested that the assoc1ation takes place through
intermolecular hydrogen bonds between nelghbourlng molecules,
in compounds of the R.NH.COO Et type. The.lmlno'hydrogen :
atom links the nitrogen atom of one molecule to the oxygen
atom of a second'molecule; that is, bonds of the N-H-O type, .

as depicted below, such bonds being & resonsnce phenomena

Some years ago fhis-would have been explasined by
"postulating that the hydrogen acted es the ascceptor in a
co-ordinate_link N:ﬁ:O heving four shered electrons. But
as stated previously; this would necessitate two of these
electrons being in the second gquantum groun, which means that_
they would not be held firmly'enough to sccount for the
B stab-ilit:); of the link. | ’
-_ On the resonance theory the hydrogen is alternately l1nked
~ to the nitrogen and oxygen stoms, this be1ng possible because
it does not necess1tate any movement of the nucleus of the
- hydrogen stom, wh1ch is convenlently situated so as to be able

tto share electrons w1th either of the other two atoms. The




' resonance may give rise to a linear polymer, as deplcted

below, in which (a) and (b) are the unperturbed forms of the

resonance hybrid (a).
OIEt ola; | OE: OE:
o I
o=20C O=C : O= =
~ H . e H¢—0=C H
., N N NC
R R R R
(b) -
.olec olse . . O0E °Eb'
o—c¢ H—-O—C H—0—C
N R
R R R R

Although the diagram shows how four molecules could llnk up, in Fact

-no conclusion can be drawn from the shape of the assoc1at10n-

'coucentration curves as to. whether the polymeriactually

involves two, three or more‘molecules, ‘The curves (nos. 1_t6u

7'FIG. I) show little or no falliﬁg'off_in-slope with increas-

ing concentration. : This mey iudicate'that in more coheené;i

trated'solutions, association proceeds beyond.the dimeric stage.
'There'is also, of'eourse, the possibility of a'CYClie_j

structure for the polymer, having the unreal_forme (a)-and':

(b) shown below, neither of whichfinvoi#es'any separatieh of ;?

charges.

(aj o | - (b) -p\:

R - . L
| ]

/0-—>'H —-N\c_(_)& &o_ o—He—N\—OEt
\hll—H (——o/ - B C\TﬁH—-O/

R R
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A cyclic stfucture‘involving more then two molecules is,
of course; not excluded. X ray analysis of acetamide
(Senti and Harker. J. Americen Chem. Soc. 1940, 62, 2008)
has indicated the existence.of'a cyclic polymer of acetamide
containing six molecules 1inked by N-H-O bonds. As yet not
mucn work has been done on determination of structure by X ray
diffraction, as it is & long process involving.nuch mathe -
maticsal calculatien and expert interpretatien. Apart from'
X rey analysis, some light might bé thrown on the actual
structure of the polymer by measurement of tne di-pole moment }
of some of the R.NH.COO Et esters. A zero value of the di-pole
moment would, for instence, lead to the inference that the
cyclic form of polymer-is more.likeiy than tne linear form.
The real structure of the polymer will, on the resonance theory
' be intermediate between the two unreal forms (a) and (b)
This would account for the ablllty of the cerbamic esters to
react as if they possessed beth'the structure R.NH.COO Et and
RN:C(OH)O Et, and also for the impossibility of separeting the
two forms, &s neither has a real existence. '
It will be noted that the compounds which showed
"association all had a hydrogen atom suitgbly placed to act as
a link between neighbouring moiecules, as is seen from an

examinstion of their structural formulae.
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FIG. I  ASSOCIATED _SUBSTANCES. o
) ch,,JDEb
. L _
. Curve 1. Phenylurethane _(:)”N‘\H
: NH.COOER.
Curve 2. B naphthylurethane “
‘ NH OOOEc.
Curve 3. b-ethoxyphenylurethane
’ ’ 0. C,Hs— B
- H.COOEE,
Curve L. & naphthylurethane [:Iiﬁ
. . NH. COOEE.
Curve 5. P-chlorophenylunethane : E:)_
o - Cl
: : NH. CODEE.
Curve 6. p-bromopheny lurethane
' . Br
g - . S NH.COOEE.
Curve 7% p-methoxyphenylurethane_
. . . -q.w3-

On the other hand, rep;aqement of the imino hydrogen atom
evidently prevents association, s the following compounds - -

proved to be uni-molecular -

FIG. I NON-ASSOCIATED _SUBSTANGCES.
Curve 8. Diphenylurethane Ph, N.COO Et
Curve 9. Phenylmethyiurethane : Ph.N(CH3) CO0 Et
Curve 10. Phenylethylurethane  Ph.N(CpHg) COO Et .
Curve 11.  N-diethylurethane (CoHg)p N: COO Et
Curve 12. Piperidyluretheane Csﬁio.N; C00 Et



-16-

THE _ASSOCIATION OF ORTHO-SUBSTITUTED PHENYLURETHANES.

Further evidence for the hydrogen bond structure of the
cafbamic esters was obtéined from an examination of the
molecular state (in solution in benzene) of a series of o-

' substituted phenylurethanes as cémpared with the p-substituted
compounds. _The association concentration curves again fel;
into two distinct groups (see FIG. 2). .The following'compounds
all of which had a substifuent in the para position had steep

association-concentration curves:-

FIG. 2 Curve 1. P;ethoxypheny1drethane
.Cup§e 2. - p—méthoxyphenylurethane
Curve 3. | Pechlorophenylurethane
Curve L. hetoiylurethane,

Curves 9 and 10 which are for p—darbethquphenyiur-ethylane
and b-carbethoxyphenylurea‘eh&nethane ai'e not, strictly,
comparable with the others because the_molecular weights of
these two substances were defermined;in naphthalene as they
were not sufficiently soluble in benzene.

The coﬁpounds with ortho substituéqts had curves that
were less steeply sloped, but which were not flat. That is,
they showed some degree of association, But not as much as the
para substituted compounds, although they all had an imino
hydrogen atom capable of bringing abou# a hydrogen bond linkage.

‘The compounds which showed this intermediate measurefof'
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assoc1atlon were

FIG. 2 Curvels g-folylurethane
Curve 6 ' o-ethylphenylurethane _
'Curye 7 .2:5 dichlorophenylurethane

Curve 8 2:4 dimethylphenylurethane. |

The difference between the two groups, is-brought out very
clearly by a comparlson of ‘the correSpondlng isomers |
kéh:lylurethane and o-tolylurethane Wthh are Dlotted separately
~on FIG 3 (nos. 1 and 2 respectively) . ‘

It is suggested that the reduced assoc1at10n shown by the
compounds with an ortho group 1s due to steric. interference -
the position of the_ortho substituent, near the imirno hydrogen
ﬁetom, tending to make it difficult for avneighbouring molecule.

to get near the imino hydrogen so &8 to link up with it.

NH.COOEL. : Ny NH.COOEE. ‘
O
_ ' . . O, .

@~ holylurethane o ' p-folylurethane

" A substitusnt in the para position is tos far away from the .
imino hydrogen atom to‘cause'any’interferenée, and hydrogen:bond.
formation can take place freely between nelghbourlng molecules
" by means of N-H-0 links.

With a view to fupuher'eXaminetion of this question of

steric lnterference with the imino hydrogen by substituents



-18-"

in the same molecule; a further type of ortho substituted
urethane was prepared and examined. In these the ortho’
substituent contained a suitable donor atom expecté@ to be
capable of bringing about chelate ring- formation: |
€ege ortho—carbmethdxyphenylurethane (:)N&ceoan

. : CooMe.
Here it is possible that an oxygen atom in the Coome group
can act as &-donor and perhaps form a hydrogen- bond within the

molécule as depicted below, owing to its close proximity to the

imino hydrogen. COoEL.

N‘Ti

A

Oore.
- It is. to peexpected that this Would happen, rather than the
imino hydrogen atom being engaged by the oxygen atom of a |
‘neighbouring molecule. If such intra-moleculér association
does occur, inter—molecular'association will bq’reduced or
prevented. Three compounds of this typeAWeré érepared and
' their molecular state in bénzgne determinéd.

Their associét;6n—conc¢ntratibﬁ curyeg were almost flat-
(FIG. 4 nos. 1, 2, 3 ) showing that, in fact, there was
practicaily no -association ( the curve for diphenyl—urethahe'iS'
shown for comparison). The curve for o-carbmethoxyphenylurethane

was almost flat in the k=1 position, thus supporting the
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suggestion that chelate ring for-mafion does take 'place, to. the,
'exc1u51on of hydrogen bonds between nelghbouring molecules. It

is therefore probable that crcarbmethoxyphenylurethane ex1sts as

a resonance ‘hybrid having the two extreme forms (a) and (b)
Q).

The other compounds with an oxygen. donor atom in the ortho

substituent aIso show very little association and probably

form chelate rings in a smilar way: rhey were P-monobromo—

ori-ho- carbmel’hoxﬂohenyluret-hane ond o- carbme.rhoxyphenylurerhylane(ﬁslv no.2.+3)
For interest, and as a check on the accuracy of the

" association-concentration curves, the figures obtained for

pheénylurethane were compared rith those obtained by V. Auwers,

(Zeit. physikal Chem. 1893, 12, 712)

von Auwers* flgures for phe nylurethane in benzene.

'gm. benzene gm. Ph.NH.COO Et’ : M. W.
1500 S 0.070 . 155

| 0.1534 o 161
© 0.5292 170

0.7876 183

1.0978 193
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From these figures the concentratioh and»associatiﬁn were
calculated, and tﬁe curve plotted on FIG.'S.meAnweréE-first
two readings with very dilute solutions are not in line with.
his other points. Omitting his first two pdihts, a 1line
through the last three is parallel to the curve for
phenylurethane obtained during fhg present work in 194h, but
the 1atter occupies a higher position on the diagram. The
slope of the_two.curves beipg the séme indicates good agree-
ment in the rate at which association inéreases with rise in
concentration. - The constanf vertical-displacemént of

V. Auwersd curve below the other one = Qq9; that is, his
values for¢¥ differ by a constanf'figu;e df O-9lover the range
éf valﬁes &= 1.0 to = 1.2 _approximately._ | This difference of
0.9 in 1.1 is aﬁout 8%, large eﬁough to warrant speculation as
io the cause of the difference. Perﬁaps the foliowing factors
might account for it

(a) perhaps the benzene used by von Auwers was not as
pure as that obtainable to-day. .

. (b) perhaps he used a different value for the constant k
in calculating his molecular weights from the formula.

joo k% -

M="3w

weight of solute
" " solvent
- depression of freezing point
cryoscopic constant for benzene
which is nowadays taken as 51.2

where

DN
oo
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It was found on reference to the 11terature (Ze1t
physikal Chem. 1893, 12, 712) that von Auwers had used the »_
‘value k = 149. So his values for M and ak were re- ~calculated
to .see what they would be usmg k = 51 2, and the association—
_concentration curve was re- -draim [IG 6 no. _J_:Z It
corresponds more closely than the previous curve [IG 5 no. 17
with the flgures obtained for phenylurethane in Suh |
. [ FIG. 5 no. II and FIG. 6 no.;;7.



EXPERIMENTAL.

METHODS OF PREPARATION.

The urethanes were prepared by treating chlorofdrmic
ester with the,appropriate,base, in most cases an aromatic
’oﬁe. Two standawd methods were used

(a) treating one molecule of. the base, dissolved in
pyridine, with one molecule of ethyl chloroformate,
the pyridine taking up the hydrochloric acid formed

(v) by treating two molecules of the base with one of

~ethyl chloroformate, omlttlng the pyridene - the

extra molecule of the base taklng up the hydrochloric
acid formed. .

A typical examplé-of>(a)vwas the ppepafation of -
naphthylurethane | | -
Method | .
- 14.3 gm. of o naphthylamine was powdered and dissolved in
5 cc. pyridine. 11 gm. ethyl chloroformate was added
dropwise, with cooling, in fume cupboard.. The.flask.ﬁas'

:

:heatedlfor half an hour on a water bath, and then-cdoléd.

N, . oEe ) ' Nicookr.
¥ ¢o —— (I) + HC

3 1095
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- The urethane was precipitated by adding the mixture slowly

to dilute hydrochloric acid, in a beasker, and scratching well.

The vrecipitate was filtered off and washed well with a large

quantity of water to remove sny hydrochloride formed ( o

naphthylamine hydrochloride is only 3% soluble in water).

The precipltate was then dried, d1ssolved in. alcohol and
precipitated by addltlon of water (very slowly) and scratching.
It was then filtered and dried. _

The following compounds were prepared by the above method,
only differing in the methods of re—crystallisatioﬁ:—
phenylurethéng, gﬁtolylurethane; & and A ﬁépthylurefhane,

k-ethoxyphenylurethaﬁe, phenylmethylurethane, phenylethylure-

..thane, P~toly1urethane, k~chlor0phanylurethane, k~brbmo—

phenylurethane, .k;methoxyphenylurethane52{5 dichloropheny-
lurethane, and 2:4 dimethylphenylurethane.

. Method (v) was used in Dreparlng dlphenylurethane, Q-

“ethylphenylurethane, o-carbmethoxyphenylurethane, P carbethoxy—

phenylurethane and k-carbethoxyphenylurethylane.
A Typical Method (b)

Preparation of di-phenylurethene.

Two attempts were made to prepare diphenylurethané by

- niethod (a),_adding ethyl chloroformate to diphenylamine

- dissolved in pyridine (commercisal) but only crystals of

unchenged diphenylamine were obtained (M.P. 549). Commercial

pyridine contains about 10% water which it was thought might
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be more likely to react with the chloroformic ester than the
rather inactive.diphenylémine, so a third attempt was made
using pyrldlne that had been drled over calcium chloride.
The preparatlon was again unsuccessful

Next 1 mol. of chloroformic ester (10.9 gm) was ad@ed'
‘slowly to 2 mols: (33.8 gm) of solid-diphehylamine in a flask,
with stirring. No heat ﬁes evolved. The flask was heated:
on'a_water bath. The solid ﬁatter meitea to'a brown liquid.
After about twenty minutes, a whitish solid formed in the |
flask, suspended ih the'hrown liquid. The flask was heated
and stirred for another half hour. Ondeooling the cohtents
 of the flask became a°solid. mass. |

About 20 ecs. 'benzene was added and the flask heated on
water bath. It was stirred to break up the hard mass, . S0 that
any diphenylurethane would dissolve in the benzene (in which
the hydrochloride is insoluble). -The mixture weé'filtered,
and the filtrate allowed to evaﬁorete slowly. The crystals
fofmed were dissolved in a small amount of slightly warmed
alcohol,filtered, and the filtrate'was‘allowed,to cool. On-
stending for several days crystals were deposited of melting
point 7L°C (Beilstefn gives 729G for diphenylurethane)

Details are given of the preparation of the following'

new substances

g—eth&lphenylurethane, p-carbethoxyphenylurethane,

hfcarbethoxyphenylurethylane, monobromocarbmethaty~- . -
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‘phenylurethane 2:5 dichlorophenylurethane.

" Preparation of g;ethylphenylurethane.

This was first tried in pyridine but iny a very oily solid
could be obtained.' It Was_then’tried using two molecules.

of the base Q-ethylaniline.to one mol. of ethyl chloroformate
but a slight variation of procedure from the normal was used.
Iﬁstead of adding the chloroformic ester directly to the baSe,,
the latter was suspended in 50 ccs. of water in a wide—moﬁth.
glass stoppered bottie. The ester was added'dropwiée with .
vigorous shaking which was confinﬁed until the smell of the
ester had disappeared. The agfmhyiphenylurethane formed as
‘an oily Substance which oﬁléooling andfscratchihg turned more
solid; ‘_A little dildté hydrochldric acid was aaded to remove
any excess base. The soft solid was filtered off and re-
érystallised in aquéous'aicohol, _ 1£ had a meltinglpoint of
43-5°c, The moléculér Wéight.determiﬁed cryoscopically

ranged from 187-7 to 202-L (theoretical M.W. = 193 NH.COOEE.
l ’ - . cz"&'

A second ﬁreparation of this yielded a_specimen of melting
point 38° | | | |

Calcuiatiqn for C6%MC2H5' NH.CO0 EBEt. | .N'=-7.25‘Z
By anaiysis of the specimen M.Pt. 389 . N =736 %,
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Preﬁafation.of p:garbéthoxynhenylurethané;

Two molecules of benzocaine to one of chloroformic ester
were used.

. NH,_ ]
" Benzocaine . [ ) + -CL.COOEE.

Co0G, He N
lb ' - logs
2 x 165 = 330  330: 108'5 = 3} : 1 approx.

Method. Some benzocaine was powdered and 16-7 gm were
weighed. - 5 gm ethyl.chloroformgte were added and mixtufe
héated under a reflux for halfvaﬁ hour'— it did not liquefy.
It was léft for éeveral days. The .solid was brokeﬁ up, added
to a beaker of distilled water and heated almost to boiling
point with constant stirring - it did-not'dissolve. Mixture
‘was filtéred, énd the pinkiéh.white residue allowed to dary.
The solid was dissolved in Warmed alcbhol cooled and filtered.
"~ On additioﬁ.of water-and-scratching a white solid was_'
precipitated. It was filtered and dried.

Melting point =.129°C. It'wés insoluble in benzene.

Calcplation for'C6Hu C00 Et. NH. COO Et N = 5.91%
By analysis " : ‘ " N = 5.85

Formula weight = 237
" By cryoscopic method M.W. = 229 to 285-

Prqyarat1on of AP-carbethoxyphenJlurethylane
Thrée parts benzocaine to orie part methylchloroformate were

used. Benzocaine was powdered and 15 gm weighed, 5 gm
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methyl chloroformate were added slowly - the flask being
allowed to cool at intervals. The flask was heated in a
waterbath under a reflux for i hour. The white solid formed
was ground_ﬁp and heated in_wéter._ It did not dissolve.:

" It was cooled, filtered.and allowed to dry. It was re-
crystaliised in aqueous alcohol. It was only very slightly
soluble in benzene. | |
lielting point = 151~ 2°C

Calculation for CgHy COO Et - NH QQOIHe : N = 6-285

By analysis - : l'_ . N =6.2
Fbrmula weight =.223 | | | |

By cryoscopic method M.W. = 219 to 264

Preparation of?monobromégg}bmethoxynhenylurethane.

Qcarbmethoxyphenylurethane was preparedAby adding one moleculé
-of ethyl chloroformate to iwo holecuies}of methyl anthraniléte._
The' o—carbmethOXJphenylurethane was - dissolved in glac1al |
acetic acid (about 1-6 gm of the former in 10 ces. of acld)
Bromine_vapour was aspirated slowly through this solution,
until the bromine was no longer.decolourised. The solution
was poured into a large Qplume-of water and a whitish solid .
was}ﬁrecibitgted. it was filtered, dried and fhen re-
.crysfalliséd in pure alcohol. in whiéhvit was sparingly soluble.

Melting point 94°C

Calculation for QLPEﬁﬁN Br. Br = 26.5 N = 4.65%
By analysis : Br.= 26-2% N =455

Formula_weight = 302 :
By cryoscopic method M.W = 293%.6 up to 312-1
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Preparation of 2:5 dichlorophenylurethane.

This was first tried by the pyridine-méthqd, but was not
succeésful. The preparation was repeated using two molecuieé
of 2:5 dichloroaniline and one.ﬁoiecule of. chloroformic'-
ester,without_pyridine.

10.9 gm of ethyl chloroformate were, added to 32;l gn of
the.dichloroaniline,siowly. -_Slight heating on a waterbath
was given. The solid formed was extracted by adaing about
20 ccs of benzene to the flask and heating slightly. On
cooling the ligquid was filtered into an evaporating basin. -
The benzene was allowed to évapopate slightly. The solid
formed was re-crystallised in aldohpl, being precipitated by |
'adding a few drops of water. A white crystalline solid was
'obtained. N | o

ilelting Point 53-4° C

30- %
By analysis . _:_ : . CL = 30-3

Calculation for C 1-13012 NH COO Et L Cl

Formula  weight = 234 . o
By cryoscopic method M.W. = 2384 up to 253-6
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Method of determination of molecular weights.

Molecular weights were determined by the Beckmann
cryoscopic method. The apparatus was fitted up as shown.

n -

» Beckmann Fhermomeler

- - —y rubber stopper -
3> cork ring.
’
oy . / = / ’e — . - % w°°d "d
| EEl e
1 S 7 S | .
A s e -> powdered ice
—» ‘Wide glass fube
> boi|in9 tube
> air Space

3 benzene
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Sufficient benzene was used to covef thé buib of the
thermometer; it was A.R. guality as supplied by B.D. -Houses.
The boiliﬁg tube contained a nickel sfirrer; The solute,
whose melting point, if known,‘had been cheqked with that
recorded in_BeilsteiTh, was dried in a vacuﬁm desiccator

for several days before use, The boiliﬁg tube, fitted with
a cork to prevent evaporation of benzene as far as poésible,
was weighed empty and then .with the benzene. |

The tube was then fitted With.the.ééckmann thermometer and
placed in the-cooiing jacket. It Waé stirréd'slowly to
maintaiﬁ a steady rate of cooling, ah@ a reasonably constant
amount of supercooling each time. The fréezing point of-the
pure benzene was determined. Thén,é'small smount of the
solid, taken from a weighed watch glass, was introduée@, and
.stirred_untii it dissolved.- The new ffeezing point:was
determined. In each case tﬁo:ieterminations;of the freezing
point were made, and repeéted if nqt in goaq.agreement (i.e.
if the difference was more than .005 6r .006°C).  When ‘the
benzene began to solidify the rate-of stirring was quickened
somewhat to keep.the mixture at é.pniform temperature. The
highest steady temperatufe Was recorded, the thermometer scale
being viewed through magnifying lenses. - The determination
was repeated four or five fimés with“solﬂtioﬁé-of-increasing
strength. It was 'usually found advantageous for readings

after the first three, where the depression of the freezing
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point was becominé greater; to speed up the cooling_of the
benzene by'adding salt to tﬁe powdered ice.— othefwise the
supercooling took'an-unduly long time. |

The amount of solvent lost from the tube by evaporatlon
during the course of the experlment had been shown in prev1ous
work w1th the Beckmann apparatus to be too small to have any
apnre01able effect on: the results, also the loss would be
roughly the same 1n each determlnatlon Thus it was
' neglected _

The'moleculaf weight of the;solute was.calculated from
the formula | “ ’

M = 100 k X

AW
where k = cryoscopiclconstant': 51,2 fof benzene.
x = wt, io g@._of solute
A = depression of'the freezing point

w= wt., in gm. of solvent.
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Determinatioh of melting points.-

The compound was dried in a desiceator, and then a small
amount introduced into a capillary tube. This was attached
to a thermometgr in a liéuid paraffin bath, heated slowly &nd
~ the melting poiht-notéd In the majority of cdses it was

found to be sllghtly hlgher than that recorded in Beilstein

Comgound . o Meltlng Point Recorded M P.

Phenylurethane . B1-2° - - 520

'g_tolyluréthane o _-_". -.i -AE-BO | ' | lfu6°
«-naphthylurethane :- f‘. 78-90 - 799 .
p-haphthylurethaﬁe h _ B 737452' _.' | 6§°apd 7361
b-ethoxyphenylurethane . 950 90

. diphenylurethane - - e 720

_p—folylurethané‘ : -.'_ , : ' 53°' o 520

.k-chlorophenylurethahe, o o . 70° - 689 |
k-brdmophenyiurethane I ‘. 82° 81°and 84-8%°
h;methoxyphen&lufethane N ) 670 63-4° .

2:l; dimethylphenylurethane _. | 61° - ~ 58°
g-carbmethoxypheﬁylurethane: o 66-7° o 620
gfcarhmethoxyphenylﬁrethylaﬁe . 61-2° o 61°

lhfethoxyphenylurefhahe - R 95° _ T

piperidyl urethane '_ szélf - o an’
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_ _ ‘Boiling Point. Recorded B,P.
phenylmethylurethane -~ . | 2L2-5° . . 243-4°
phenylethylurethene =~ 228-31° °© . 130° at 14 mms.

. . pressure

N-diethylurethane Y & T 169-172°

New compounds. _ _

o-ethylphenylurethane ' L2-5°

2:5 dlchlorophenylurethane . 53_-4°.

rth .
_-monobromocarbmethoxy- :
phenylurethane - - . ou°

P—car.bethoxyphe_nylur,ethane . 129°
‘prcarbethoxyphenylurethylane ; 151-2°

- _ An 1ysis of preparat:.ons. S .'

This was considered necessary only in the case of

new compounds. The analysus Figures are given' on pages 24-28:
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Data calculated from experimental readings.
In the following tables | |
M is the molecular weight calcuiated from ideal solution laws .
acgofding to the.formula pre&iously gi&en.
X is the degree Of.aSSOCiainﬁ 1.e. the ratio of M to the
formula wéight, the 1gtter being given in brackets.
All concentrafions are expressed in gm. mols, x 102

per 100 -gm. of solution.

FIGI | " ‘Gone. M. A
Phenylurethane (165) o . 0-8352 170-0 1-03
Curve 1 o o
| 1- 885 183-9 . 1-11L

' 2.849 196-3 1-19
3.732 L 204-9 - 1-242
4795 2181 1-322

a /9 naphthylurethane (215)
. Curve 2 : :

2.901  262.3 1.22

4.395  290.2  1.35
6.162 321.8 1-497
-7-925 350 -4 1-6L8

;?’ ethoxyphenylurethane (209) ;8535 212°8 1°018
el Curve 3. S :
1.223 216.2 - 1-035

1.72% 2270 1-086

_ x'limit'of'solubility.
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FIG. I (Contd.)

oK naphthylurethane (215) .
Curve 4

k chlorophenylurethane (199. 5)
Curve 5

F bromophenylurethane (2&&)
Curve 6 _

P~methoxyphenylurethane (195)

Curve 7

F oo o o e

S W N = O

¢ S VYR Ve

Conc.
295
-018
.50l
7432

. 856
-727

L 779
.005

. 092 |
. 808

- 700
'715.
.948

.7211
<633
-679
-656‘ |
'220.

221.
236.
258.
223,
229.
239:
253.
269-
271.
- 282.
292.
310.
334.

201-
213-
232
247
273-

W W = o~

o N NP

oy & O W
N I

ot R = T R S I

= O F oo N

T I ¥ Ry

.032
. 097
.203
.0l

148
201
. 269
-348

.11

197
. 272
. 372

-031
- 096
-192
270

401 ‘



FIG. I (Contd. )f'

dlphenylurethane (2&1)
Curve 8

phenylmethylurethane (179)
Curve 9 .

phenylethylurethane (193)
- Curve- 10 .

N-dlethylurethane (1&5)
" Curve 11

TE W N

\n

S S T e L o

W O » N

- Cone.
-299‘
- 307
- 531 -
. 805
- 937

465
=995
. 815
- 538

.08l
-118
- 356
-7’32"

=739
-875
209
{178 
- 215

233
236+
237-
.239f
166-
168-
i?l-
174

171.
171-
172

13-
143
142-
143
143

7.
5
o .

6

b

-5
- 174

o

7

5
L"_ .

0
L

. 8888
- 8880
- 8935
- 9014

- 9893

-9890

- 9805

.9847

-9877
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FIG I (Contd.) A Conc. M o
Plperldylurethane (1“7) - 2.285 153;8 .9780
Curve 12 : ‘

3-4509  153-h4  -9755
4641 152:L  -9693
'6.113  152.9 = .9725.
© 8.266.  153-L  -9693

The figures for curves 11 and 12 were very klndly
supplied by Mr. Reynolds B Sc. -

FIg 11 = -, come. M oL
P ethoxyphenylurethane (209) +8535 212.8 1.018
— Curve 1 i . ) ‘
1.223 216-2 1-035
1.72 2270  1.086
k-methoxyphenylurethane (195) 0-7211 201-2 1-031
Curve 2 ; - '
1.633 213.8 1-096
2679  232-4  1.192
3656  247-6  1.270
5.220 273-1  1-401

P chlorophenylurethane (199 5) 1-856 229-1 . 1
Curve 3 - :
2.727 . 239-7 1
3.779 2532 1.269
5.005  269-0  1-348

- 148
201
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FIG. II (Contd.)

P: tolylurethane ( 179)
Curve u -

9- tolylurethane (179)'
Curve 5 - o

o-ethylpnenjlurethane (193)
Curve 6 . :

2:5 dichlorophenylurethane (23&)
Curve 7 . .

2: 4 daﬂg;gy%phénylurethane (193)

IV VO C PR PR

I

"“Coﬁc.
,7158 ‘
1-559.

3-005

. L T766 .

124
. 592
- 077

- 689

. ) 778)4 . :

2.88%

9815
872

.69

1.821
2. 502

4503

- 176-

185.

L037 " 19L

238,

-615 -

- 776 ~ 253.

187.2
1954

215-8
2371

181.

195.
187-
190.

196.
202.

239.
240.
245.

201.0

.:-205.8..
3354 .
2194

B ~a R Uo R S T

= Doy N

N N N O

S =

i

-0L6. -
- 091
.205  '
.326‘
988

.012

- 039
. 068 |
091

- 9725
. 9877.

]

L e

HoOR

.016
.0L8

.019.

021"

.029

oLs8

.083

o1

. 066
-093.
. 137



FIG. II (Contd.) o Conc. . M . &

*P-carbethoxyphenylurethylane (223) 0.780 219 = 0.981
Curve 9

2.669 . 242.5 1.086
o : 3.451% o6k l.18k
% limit of solubility .
s"kgcargsﬁsgx{ghenylurethane (237) Q~§953f - 22§ "~ - 0.966 .
"1.867 249 1. 050
3-279 265 1. 116
4-260 . 275 = 1..158
‘5.25 285 - 1.203

The -readings for curves 9 and_le'abOVe were obtained .in.
" solution in,néphthalehe (as-the,compounds-were not sbluﬁlé' '

in benzene) by Mr. Reynolds B. Sc.

FIG. III 7T T cenes T M ok

P~tolylurethané (179) R ~ .7158 187-2 1. 046
- Curve 1 SR _ , :

: - 1. 589 - 1954 1091

© 3.005  215.8 1.205

CLe766 2374 1.326

uo~toly1urethane (179) o ~1.124 | 176.8 | .988
Curve 2 T -

l. 592 181.1 1.012

2.077° 1859 1.039

'3.037  _19L1. 1-068

3689 1954 1-091



FIG, IV -

-

_g;carbmetﬁoxyphehylurethane (223) .

~Curve 1-

o-carbmethoxyphenylurethy

P

. Curve:2

ortho_ o o
-monobrocha;bmethoxyphenylurethane

Curve 3

Conc -

1765

2:797

361

4407

lane (209)

5+ 3L3

#8997

 1-696

2.657

3.51L
L Le771

- (302)

0.9245

1.727

2563
3.374

14103

221.
222.
222.
. 223
. 225.

211,
207-
208-
208-
215-

293-
294
- 302-
309 -
- 312.

W & N =W

N 0 = N

H O & WV O

.9919
. -99%1
- 9997
.00y -
-010

o1
991

+9988
+9977
0300

9723
9766
.000
023
-03L
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FIG V

Values. of cone.. and d'were ‘calculated from Von Auwers'
figures for phenylurethane (Zeit. 'physikal chem. - 1893, 12, 712)

.. ', . : . : * i -
- - 'Conc. M : ok . X

.2856 155  -9393  -96815
+6137 .-161  -9757 - 1-020
2.065 170 1030  1-076

3.023 183 1:109  1-159
4133 193 1-169 . 1.222

Values for M are those given by Von Auwers, calculated by
- him using k = L9.

o(*.Thes,e are the corrected values for « using k = 51.2



—l2-

Experimental Readings

Phenylurethane. - Wt.

Wt.
solute

gm. (W) gm. (x)

Benzene
' Solution 1 - 172
" 15-62
R S T
N w72
o s Cumer2c
Ve e
‘©-tolylurethane. P
Solution- 1 ° 16-799
" 5 -
w3 .
W o
" 6 r

o

0-2183

4725
7265

9655

1. 32,

- 1706

:":3;5?'
- 4926
-6488 -

- 9660

1-1879

Freezing Point  Average-

5-288

14865

L-391

4+ 000
3-650 .
3.265

s

5325
5025
4731
41496
- 262

3- 781

3- 468

-286
- 866
*395

648
- 271

SV I T S RN

269

5 321y

‘5.022
4727
4495
L 258

3783

- 3-471

- 000

5-287

L+ 866
L4 393
L+ 000

3-649

- 3-270

5- 324

L. 260

3. 783

3 470

A

- 421
- 894

1-.287

L.

5.

'5-023

4729
LY

595
- 829

636

017

-301

1- 064

1:

[ ad

Bl
. 854



/8 naphthylurefhane

 Solution 1 .-

3
S
5

6

-3

Wt.
Benzene-

gm. (W)

l!.ethoxyphenylurnthane

Solution 1.
2

3
b

13 689

Wt.

solute Free21ng Point

gn. (x)
W28

" o

o515

179500

'1.4,895
2-1795
2:9315

o N

-2&86-'

3590
5104

- .

14-293 4303

Average a

.

N W

—=

,#.298
3543  3+558
355
3.005 3-00
2.458 .2.450
1.871  1.871
1.335  1.33L .

rzgi 5.290

14.856  1,-851

L-667 L4671
L-LL8. L L51

* 11m1t of solub111ty
wt. Wt. '

d~naphthylurethane Benzenq

Solutlon 1 -
_ | 5

3
L -

W

gm.

5 u7:'

solute
g...
(o}

,+0B50

2350

- 4146

-+ 6566

1-1785

Free21ng Point Ayerage

;0C

5.285 5282
- 54203 . 5-206

5911 -u-éll

L. 622 4-621-
4298 4299

3.670  -3.670

.5,
’
L

5.
5.
yre
L
4299
3-

300

. 556
-002
459
871
.33l .

290.

853

669
L4049

283

265'

911

622

670

S T S R R

- 744
.298
.841
.1,29
- 966

- LL37
- 621
- 841

.078
372
661
984
1613



#~ chlo ro_Lhen_ylu rethane .

Wt. - Wt. o |
Benzene solute Freezing Point Average 4
. gm. -+ gM. - . 9%
Solution 1 - 1h4-24 °© . 4.421 L-428 L-423 -
" 2. " L2402 4.031 L-035 L4.033 -390
3 " .5479  3.563 3.563 3.563  -860.
L " | -8193  3-194  3-194 3-194 1-229
5 " 1.1608  2.77h  2: 774 2.774 1.649
6 .. 1.5802 2.308 2-313 2.311 2-112.
#_ﬁbromophenxlﬁrethane | | . o o
Solution 1 14.95 ° - Leh22 L-h2ly - 4423 -
" 2 " .4095 3.906  3-907 '3_-907: - 516
3 " .6900 - 3-585 3.588 3.587 .-836
N " 1.0535 '3.184 3.189 3.187 1.236
5 m o 1.900 0 2.778 2.779 21779 1.6k
6 " 2.0520 2.313 2325
_ oo 2.323 2.32 2-099
P__methoMn}guré_than'ev | o |
Solution 1 1462 o L4002  L4-407 L-4O5 -
2 - "o .2085 4045 4039 L4-OL2  -363
3 w4810 3.617 3-616 3-617 -788
L " .8055 3.193 3.188 3.191 1.214
5 " 1.1215 2817 2-819 2-818 1-587
6 " 1:6555 2.279  2.282 2281 2.124



Diphenylurethane Wt.

o - &
Solution 1 172
o ] . "

" 3 "

" N "o

" 5 "

I-Q 6 1t
Phenylmethylurethane |
Solution 1 113.91

it 2' o

" 3 16.78

" 4 21.71°

" 5 2656l .
Phenyletgyiurethane -
Solution 1 13. 52

" > "

1] 3 tt

" L in

L 5 n

i T

~Uy5—

Wt.
Benzene solute Freezing Point

gm.
0

- L4758

- 8661

- 3686

(2303
. 2303
. 2303
.2303

- 2890

- 5766
-9365
£ 3592

9281,
-i581

5.
Yo
"
3.43L
.
1

N NN e

N W EFou

u52

748
163

630

-883

.260
- 660
.07k
. BLO
8145

- 520
- 879
- 246
- 6l
- 562

:5-453'

L4750
4- 165
3. 436
2.623

L. 26l
2.074
2. 544

2.842

5. 516

4881

L-243

- 3. 460

2. 558

Average

5-453
L 749

416k

3.435
2.627
1.883

. 262
-660
Moy
. BL42
-84l

(ST TR VR TR

5.518
L.880 °
Ly 24l

3462

2. 560

W NN e

H o2 NN

4

- 70L
-289
-018
- 826
- 570

- 602
-188
- 720
-418

0:.638
1-274
2:056
2.958



o-ethylphenylure- Tit.

thane Benzene
: gm.
Solution 1 11- 84
" ' é‘ "
|I-. 3 ' Rls
- L .
" 5 R

ﬁriolxlurethane .

Solution 1 14- 599
‘ T 2 . ) "_-A .
"5 e
1 o Cw
n ‘ 5 A o B}
_2:5 dichlorophqu-._
lurethane . -
Solution 1 . 1246
" . 2 ' "
s
1t Lj. 1
" 5 - "
- "

(o))

-46-

- wt.
solute

ggl.

Freezing Point Average

5-798

54801

1806 5-380. 5-388 5.382

~ +3289 5.048 5:-056 5-055
489 Y722 L4717 |
6979 4299 L-316 L- 306
| 4309
- 5468 5:466
.1895 - 35.112 5.113
14192 -Tu:7;8¥'4;712'
. 8302 L4117 '&-léo
1:362L  3-456  3-U55
- 4388 L39k .
| L4396
-2930° 3-890
L5705 3.417 3Ll
;8383' 2:963 2-96L
11510 2.455 2-46L
.
15677 1.851 1-856

5-779
5+ 383

5:053

4720

4308,

5- 467

. 54112 -
4715
4118
3455

L 395

3.890
341
- 2-964

2. 466

- 1-854 .

A

+416

U6

LS (o 2N o

-079

191

- 505
1981
431

=929

- 541



e

24 dimethylpheny- Wt. = Wt.
Turethane Beﬁzene solute
- gm. . gm.

Solution 1 ; 12.35 -

" 2 oo . 2345

" 3. o k99

S R

" 5 850

"6 o 11760
. g-carbmethoxypheny- | o

— Iurethane -

Solution 1 | 12.23 - -

v 2 | " ‘.501
" 3 . -813
ooy . m Lo72
“ 5 n 133
S 13955 1.654 -

Q-carbméthox&pheqyé | '

lurethylane - _

Solufion.l'- - i&-58-_‘ =

2 o Lo79y
3 n L5360
u " - 8570
5 " 1-1545
6 " ;46150

FreéZing-Point

4399
3.915
471
134
719
177

3.

5
- 3
2
2

DM W W U

NN W W

-C93
140
. 562
.080
- 598
.011

189
.728
. 282
“7L7
. 2U7
. 553

4-
3.

N P OW W W,

=N N W W £

LO0

915
3+ 473
2.
2
2

139

721
.178

- 090
.148
. 557
.078
.603
.025

+193
- 728
-282
*750
243

Average

U
3.
3.
3.
.2‘
2.

\n

TN W W

T R e

100
915

L72

137

720

178

092
R
560
. 079
.60,
018

N H O O

i NN - (@]
. . . . .

A

- 485
. 928
- 263
- 680
222



~-L8~

drkho
-P-monobr@moc arb-  Wt. wt. : _
methoxypheny- Benzene -solute Freezing Point Average a
lurethane : _

Solution 1 124 - 5838 5850 5839 -
© 2 " 4091 5335 5 3B |
- 5+ 336 5338 -501
" 3 "o .7831 4881 4+ 886 4;86& BT
" 4" 11935 L4l 4420 4419 1-420.
- " . 1.6155 3-958 3-950 3-959  1-880
" 6 " 2:0135 3-520° 3-518 3-519 2- 320
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