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The Mllol!nctlc •ueceptibility va'uoa for urea and anbatituted ureas ha.ve heen calculated DCcOJ"dirlf 
t.o Gray and Cruickahank'a ruathod on the bMia of evidence furnil!hed by X-ray atucty of the cryatal 
atruc:t.ure of •zrea. It baa been shown that the <'al~ulated ;.•alue <iiffera conaidera.bly from tba experi­
ml!lltal one. The 11tructurea CODIIidered by Claw and his met.hod of calculating tl:e stUII!eptib!lity value 
have been criticised a.nd proved to be untenable, and the agreement obtained between the calculated 
1111.d tb.e e:q~erimental veluee by him has thua been ahown to have little or no aipficance. 

In a previous communication {Siddhanta and Ray, J. ll'ldian Chem. Soc., 1943, 
20, 369), the values of molecula.r susceptibilities of dieyandis.mide, acetamide a-nd 
cya.nurio acid were carefully dt"tonnined and the values were compared with thoae 
calculated by the me-thod of Gray and Cruickshank (Trau. Faratkzy Soc., 1935, St, 
1491) uaing resonating structures established by X-ray analysis of the crystals of 
the compounds. It was shown that the agreement of the ca.Iculated values with 
the experimental ones was not close enough to justifY the adoption of the aforesaid 
method a.s ;., reliable tool for exploring molecular structure. 

Remarks.ble &greement between experimenta.l X• va.lues a.nd those ca.lculs.ted on 
the ba.Bis of the above-mentioned method ha.s, hoW"ever, been cla.imed by Gray and 
Cruicksha.nk (lot:. cit.) for ben&eneo, naphthalene, carboxylic acids, wate-r s.nd hydrogen 
peroxide; and by Clow and co-workers (TnJft&. Faratkzy Bot:., 1937, 33, 381), 
for urea and itll derivatives aa well as for certain organic sulphur compounds besides several 
aal.ta a.nd esters of sulphate&, sulphitea, thioa11lphates, etc. (ibid., 1937, 39, 894; HMO, 
38, 1018, 1029). From a consideration of the results set forth in the communication 
mentioned above (Siddhanta. and Ray, lac. eit.), it is considered worthwhile to test 
the validity of these claims by a closer scrutiny of the evidences on which they are 
based. 

In this paper, it is proposed to deal with urea. and substituted ureas studied by 
Clow (loc. cit.). F~om a consideration of the X-ray analysis of ure-a by Wyckoff and 
Corey (Z. Krise., 1934, 89, 462), Ps.uling has shown that the substance reeonate& 
betw~n three- structures I, Ila, and ;IIb of which (I) contributes 60% s.nd (IIa) and 
(lib) contribute 20% eaoh to the norma.l state of the moleoule ( .. The Nature of 
Chemical Bonds", 1940, p. 212). 

H,N> _ 
• C-0 

H 2N 

(II11) 

H~N>. _ 
C-0 

H.N 

(III) 

Viewed in the light of Gray and Cruickshank's method, structures (II11) and (lib) 
a.re identical, If the double bond is split up into a polarised Bingle co-valent bond, as 
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euggeated by Gray and Cruickaha.nk, structure (Ill) would result from ~~o\1 the above ca.ae11. 

In Gray &nd Cruickehank"s method of calculation, it is &BSumed that each double-bonded 
structure a.nd the aingle co-valent structure, which arises from it by the splitting up 
of the doub1e bond, contribute equa.lly to the normal structure of the molecule; 
under these circumatances the resultant molecular suaceptibility of the compound 
would be 3il0 due to {1), 1J5 due to (lla ·and lib) combined a.pd i due to III (case A). 
If, however, we ignore the &tructure (Ill), the re&ultant molecular 11usceptibility will 
be 3/5 due to (I) and 2/5 due Ila and to lib combined (case B). 

Structure IV Bho\VS the disposition of the H ·bonds in the orysta.l of urea u &hown 

(IV) 

by X-ray fl.llll.lyaiB. The direction of the arrow shows that 
the· 0 atoms a.ccept the . H-bonds formed by the H 
a.toma of the -NH3 groupa in urea. Each oxygen 
a.tom receives four H-bonds a.nd a.ll the H a.toms in 
urea molecule are enga.ged in bond-formation. It may, 
however, be pointed out tha.t in Gra.y and Cruiok­
sha.nk's method of calculation, the oxygen a.tom in 
atructure {I), having only two lone-pairs of electrona, 
oan receive, according to thet~c authors, two H-bonds 
in malrlmum, and similarly the 0 atoms in structures 

(II) and (III), having three lone-paris, can receive not more than three H-bonds. 
Hence in calculating the molecular susceptibility for the hydrogen-bonded structure, 
it hu not been poaaible to make the calculation on the basis of four H-bonds per mole­
cuJe of urea BB found by X-ray analysis ; the calculations have consequently been made 
for structure (I) assuming the presence of two H-bonds per molecule and for structures 
(II) and {III) MBuming three H-bonds per molecule (i.e., taking the maximum number 
of H-bonds possible, according to Gray and Crnicksha.nk's method, for the structure 
concerned). Table I summa.rises the results of cs.lcula.tion for the individual structures 
BB well a.s for the cases A and B, with and without H-bonds. 

TABLE p• 

Exp. X• for urea=33.60 (Pascal, Atua. ehim., 1912, ZB, 35li), 33.40 (Deveto, 
Read. AUi. Naz. Acad. Linui, 1932, fB, 973), 33.66 (Ciow, 16c. e~.). 

8tnlcture. X• (Gray 
wiUlout H-bonds. 

I 27.46 

D 211.48 

m 38.911 

C.. A 81.82 

C...B 28.87 

Average X• value = 33.55. 

&Dd Cruickahank) 
with R·bond•. 

30.19 

29.19 
311.16 
34.-4.8 

29.80 

ll• 
(Pa.acal). 

~0.21 t I 
27.13 •• 

Reaonanae 
oantrib11tion. 

SJ lotil+l/&ln>+tlm> 
3fll(l)+2/II(II) 

•AU the ~ibillty val11ea Iliad in thia paper are t.o be m111tiplied by-JO"I 
tTbe two Natoma diamidic and the 0 atom otdinary double-bonded. 

••The two N Mom~! open chain 1111d the 0 atom ordinary double-bonded 


