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OPTICAL AND PHYSICAL PROPERTIES 

OF CARBODIIMIDES 

Philip H. Mogul, Richard N. Kniseley, and 
Velmer A. Fassel 

Ames Laboratory-ERDA and Department of Chemistry, 
Iowa State University, Ames, Iowa 50010 

Electronic (ultraviolet and visible), infrared,far 

infrared,and Raman spectra are listed for selected ali- 

phatic and aromatic carbodiimides. Analysis of the 

spectral bands associated with the aliphatic substances 

are presented. Also  included are the results of  physi- 

cal property measurements (dipole moment, vapor pressure, 

density, and surface tension) associated with several 

of the alkyl carbodiimides. In addition, a relation- 

ship is presented that correlates the v(C-C) modes of 

the alkyl carbodiimides, alkyl chlorides, alkyl isocya- 

nates, alkyl isothiocyanates, and alkanes. This expres- 

sion has the form u(C-C) = A(RIm, where A and m are con- 

stant terms and R represents a variable that is based 

upon mass ratios. 
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9 60 MOGUL, KNISELEY, AND FASSEL 

Although the uses of carbodiimides are varied and 

numerous ,(1$2,3,4’5$6) only fragmented spectral infor- 

mation existed prior to this study, ( 7 3  9 9 ,lo ,11*129 l3 9 

14315) In addition to the spectral measurements, select- 

ed physical properties were obtained for several com- 

pounds and are presented in a tabular format. 

EXPERIMENTAL 

The alkyl carbodiimides were synthesized by react- 

ing the proper thioureas with freshly prepared mercury 

(11) oxide in a water-diethyl ether mixture.(l6) After 

removal of the solid reside by filtration and the ether 

by distillation, purification of the alkyl carbodiimides 

was accomplished by repeated distillations at reduced 

pressure (10-20 torr). The alicyclic and aromatic carbo- 

diimides utilized in this study (supplied by Aldrich 

Chemical Company) were distilled several times at re- 

duced pressure (10-20 torr) prior to use. Distillation 

did not appear to alter the properties of the liquids. 

The methods utilized to measure vapor pressures 

and densities are described in a previous article(l7). 

A least squares of the vapor pressure data, fit to the 

equat ion : 

loglop = A/T + C (1) 

are presented in Table 1. The terms A and C in equation 

1 are constants, P represents the pressure (torr) at 

the absolute temperature T. In addition, Surface ten- 
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961 OPTICAL AND PHYSICAL PROPERTIES OF CARBODIIMIDES 

TABLE 1 

loglo P = A/T + C 
Substance A C Pressure Mean 

Range Absolute 
(torr) Deviation 

N,N'-diisopropyl- 2360.24 8.57 10 to 200 1.67 x lo-* 
carbodiimide 2064.73 7.78 200 to 760 6.80 x 

N,N'-di-tertbutyl- 2386.11 8.41 10 t o  108 1.12 x 
carbodiimide 2170.27 7.83 1 o a  to 760 1 . 5 2  x 10-2 

N,N'-di-O-tOlyl- 2730 7.53 30 to 760 ---------- 
carbodiimide 

sion values were measured by a duNovy tensiometer using 

standard procedures(18 9 1 9 )  and dipole moment data was 

obtained by the method of Guggenheim(20). 

face tension and dipole moment parameters are listed in 

Table 2. 

Density, sur- 

TABLE 2 

Surface Tension, Density, and Dipole Moment Parameters 
at 298.2 K. 

Substance Density Surface Dipole Moment 
(g/ml) Tension (debye 1 

(dyne-cm-l) 

N,Nf-diisopropyl- 0.8072 23.9 5 0 . 9 6  2.04 2 0.04 
carbodiimide 

N, Nf-di-tertbutyl- 0.7959 23.5 2 0 . 9 4  ----------- 
carbodiimide 

N,N'-di-o-tolyl- 1.063 2 9 . 6  21.5 ----------- 
carbodiimide 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



962 MOGUL, KNLSELEY, AND FASSEL 

The electronic spectra between 2000 and 8000 of 

aliphatic and aromatic carbodiimides were obtained in 

a cyclohexane solution utilizing a Cary-14 spectrophoto- 

meter. Table 3 summarizes these observations. 

TABLE 3 

Ultraviolet and Visible Absorption Bands of Alkyl and 
Aromatic Carbodiimides and Alkvl Carbodiimides with 

Substance Absorption Bands 

N,N1-diethlycarbodiimide 

N,N1-diisopropylcarbodiimide 

N,N1-di-tert-butylcarbodiimide 

N-methyl ,"- ter t -butylcarbodi imide 

N,N1-diphenylcarbodiimide 

N,N1-bis(2,6 diethylphenyl) 
carbodiimide 

N,N'-di-o-tolylcarbodiimide 

Iodine in cyclohexane 

N,N'-diethylcarbodiimide + iodine 

N,N'-diisopropyl- 
carbodiirnide + iodine 
N,N1-di-tert-butylcarbodiimide 
+ iodine 
N-methyl , " - te r t -buty lcarbodi imide  
+ iodine 

NONE 

NONE 

NONE 

NONE 

2500 and 2425 8 
2500 

2444 8 

5200 w 
5200 8 
5200 8 

5200 8 

5200 1 
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OPTICAL. AND PHYSICAL PROPERTLES OF CARBODIIMIDES 963 

The absence of absorption bands for the aliphatic 

carbodiimides contradicts the observations of Frans- 

sen(21) and of Behringer and Meier(22). 

the lack of aliphatic carbodiimides t o  complex with 

iodine supports the nuclear magnetic resonance re- 

~ u l t ( ~ ~ )  which indicated that the nitrogen lone pair 

exists in a non-bonding configuration. 

In addition, 

Infrared spectra between 4000 and 33 cm’l were ob- 

tained from Beckman IR-7 (prism-grating) and IR-11 

(grating-filter) spectrophotometers. The IR-7, equip- 

ped with sodium chloride and cesium icdide inter- 

changes, covered the spectral region between 4000 and 

200 cm-l. Wavelength accuracy of this instrument is 

estimated to be 2 3 cm-I above 2000 cm-l and f 2 cm-l 

below this value. The IR-11 was used in the range bet- 

ween 700 and 33 cm-’ and is estimated to have a wave- 

length accuracy of 2 cm-’. 

Standard techniques and cells(24) were used to ob- 

tain spectra of solid, liquid and vapor state samples. 

The cell window mater ia l s  u t i l i z e d  w i t n  t he  IT?-7 i n -  

strument were potassium bromide and cesium iodide, while 

polyethylene window material was used with the IR-11 

spectrophotometer. Spectra at low and elevated temper- 

atures were obtained using an LTJ-1 cell (Limit Re- 

search Corporation). 
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964 MOGUL, KNISELEY, AND FASSEL 

Raman spectra between 3000 and 100 cm-l were ob- 

tained from a Cary-81 spectrophotometer using laser ex- 

citation. The wave number accuracy of the bands are 

estimated to be * 2 cm-l. 
Frequency values (cm-l) and fundamental mode as- 

signments for the liquid phase alkyl carbodiimldes are 

listed in Table 4.  Table 5 summarizes the combination 

bands of these substances. Listed in Table 6 are the 

observed frequencies (liquid state) associated with tkLe 

*womatic  2o:npounds. In t ab l e s  4 and 6 ,  the following 

notation is used to describe the relative intensities 

of the infrared and Raman absorption bands: very strong, 

vs;  strong,^; moderate to strong,ms; moderate,m; mod- 

erate to weak,mw; weak,w; very weak,vw; very very weak, 

vvw; and appears as a shoulder to a stronger band,sh. 

Solution and solid state spectra did not show sig- 

nificant band shifts. However, some vapor phase absorp- 

tion bands were observed at different frequencies. The 

most significant frequency shift occurred for the NCN 

asymmetrical mode ( 4 0  cm'l) . These liquid-to-vapor- 

phase frequency changes are attributed to the removal 

of the perturbating influence caused by intermolecular 

forces. A high resolution study of the vapor phase 

spectra revealed no detail. 

By comparing the v(C-C) modes attributed to the 

alkyl carbodiimides and the v(C-C) frequencies associ- 
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TABLE 4 

Frequency Values, Relative Intensities, and Fundamen- 
tal Mode Assignments f o r  Alkyl Carbodiimides (Liquid 
State). 

~ - n e ~ n , l  \ ' - t n .1 . -hu ty l  N .N ' -d i - t e r t . -bu ty l  N . N ' - d i i s a p r o p ~ l  N.b ' -diethI l  

lnlrared 1:; R m l n  1:;: Infrsred 1::: RmLn F:c 
cm-1 

I l l l i ' l rPd 1:' R1mPII  1'' 
I c m - J  cm- 1 cm- 1 cn-1 en-] - 
2979 
2936 

2181 

2130 

1462 

1420 

I394 

1367 

1237 
1192 

1121 

1034 

93J 

837 

732 

627 
r,Y6 

472 
4 4 1  
144 

3 20 
281 
266 
258 

188 

1980 

2938 
2910 
2871 

2136 

- 
1463 

1391 
1384 
1367 

1236 
1190 

1034 

9 2 2  

885 

838 

727 
616 

4e5 

487 
414 
378 

344 

a84 

I28  

a078 

i n n  
2879 
21 28 

1470 

1452 

1378 

1335 

1277 

1134 

1090 

977 

867 

775 

631 

408 

267 

160 
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966 MOGUL, KNISELEY, AND PASSEL 

TABLE 5 

Frequency Assignments (cm-l) for the Combination Bands 
in Alkyl Carbodiimides (Liquid State). The Letters A, 
8, C, and D in this Table represent N-methyl,"-tert- 
butyl-, N,N'-di-tert-butyl-, N,N'-diisopropyl-, and 
N,N'-diethyl- Carbodiimides, respectively. 

A B C D Assignment 
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OPTICAL AND PHYSICAL PROPERTIES OF CARBODIIMIDES 967 

TABLE 6 

Frequency Values  (cm-l) and R e l a t i v e  I n t e n s i t i e s  A s -  
s o c i a t e d  w i t h  one Alicyclic and T h r e e  Aromatic Carbo- 
di i rnides  (L iqu id  S t a t e ) .  The  R e l a t i v e  I n t e n s i t i e s  
follow t h e  same Code as i n  Table  4 .  
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968 MOGUL, KNISELEY, AND FASSEL 

ated with alkyl chlorides, alkyl isocyanates, alkyl iso- 

thiocyanates, and alkanes, a correlation is obtained. 

This expression has the form: 

~ ( c - c )  = A ( R ) ~  (2) 

TABLE 7 

v(C-C) = A ( R ) m  

Substance R 1/R ~ ( c - c )  (em-1) 
Experimental Calculated 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

1 

1.4667 

1. gooo 
2.4000 

1 

1.4333 

1. gooo 
1 

1.4333 

1.9000 

1 

1.4333 

1. gooo 
1 

1.4333 

1.9000 

1 

0.68182 

0.52632 

0.41667 

1 

0.69767 

0.52632 

1 

0 - 69767 
0.52632 

1 

0.69767 

0.52632 

1 

0.69767 

0.52632 

993 

1053,870 

1170,797 

1250,733 

968 

1131,881 

124 0,810 

938 
1130,863 

1229,805 

988 

1133,940 

, 805 ---- 
977 

1115,840 

1239,837 

985 

1111,873 

1205,805 

98 5 

1103,879 

1205,805 

985 

1103,879 

1205,805 

985 

1103,879 

1205,805 

98 5 

1103,879 

1205,805 

1297,747 
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OPTICAL AND PHYSICAL PROPERTIES OF CARBODIIMIDES 969 

where A and m are constants with values of 984.734 and 

0.31488, respectively, and u(C-C) represents the carbon- 

carbon stretching modes (cm-"). The term R is a ratio 

of the formula mass associated with an alkyl fragment 

divided by the formula mass of ethane. The R value and 

its reciprocal when inserted into equation 2 will yield 

reasonable values of the v(C-C) modes. Expression 2 

was obtained by statistical methods and has a determi- 

nation coefficient of 0.97. Table 7 demonstrates the 

utility of expression 2. The letters A through P in 

Table 7 represent ethane, propane, isobutane, neopen- 

tane, ethyl chloride, isopropyl chloride, tert-butyl 

chloride, ethyl isothiocyanate, isopropyl isothiocya- 

nate, tert-butyl isothiocyanate, ethyl isocyanate, iso- 

propyl isocyanate, tert-butyl isocyanate, ethyl carbo- 

diimide, isopropyl carbodiimide, and tert-butyl carbo- 

diimide, respectively. 
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