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The two line 35C1 N Q R spectrum of 4,5-dichloroimidazole was measured in the temperature 
range 7 7 ^ T/K ^389 . The temperature dependence of the N Q R frequencies conforms wi th the 
Bayer model and no phase transi t ion is indicated in the curves v ( 3 5 C l ) = f(T). Also the temperature 
coefficients of the 35C1 N Q R frequencies are "normal" . At 77 K the 35C1 N Q R frequencies are 
37.409 M H z and 36.172 M H z and at 389 K 35.758 M H z and 34.565 MHz . 

The compound crystallizes at room temperature wi th the tetragonal space group D4-P41212, 
Z = 8 molecules per unit cell; at 295 K : a = 684.2(5) pm, c = 2414.0(20) pm. The relations between the 
crystal structure and the N Q R spectrum are discussed. 

Introduction 

Imidazole is a weak base, pK = 6.95, and in the 
protonated form two resonance structures can be for-
mulated which may be written for the molecule itself, 
too. Substitution of the hydrogen at the carbon atoms 
by chlorine should change this property only little. 
Therefore we became interested to study the 35C1 NQR 
spectrum and the structure of 4,5-dichloroimidazole 
for comparison of N Q R frequencies and bond lengths 
C - C l in the configuration C1C = CC1 [1, 2], In the 
following, we report on the results of the crystal struc-
ture determination and on the 35C1 N Q R spectrum in 
the range 7 7 ^ T /K ^389 . 

Experimental 

4,5-Dichloroimidazole, commercially available from 
Fluka, Neu-Ulm, Germany, was used after recrystal-
lization from hot water (colorless small prisms) [3] for 
both experiments, 35C1 NQR and X-ray diffraction. 

The crystal structure was determined with a 4-circle 
X-ray goniometer; in Table 1 the experimental details 
are given together with some crystallographic data of 
the compound. The structure was determined from 
the reflexion intensities, after appropriate corrections 
for absorption and LP-factor, by direct methods, 
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SHELX 86 [4]. The final atomic positions and thermal 
parameters, including the hydrogen positions, were 
found by least squares refinement, SHELX 76 [5]. 

For the 35C1 NQR measurements a superregenera-
tive spectrometer with lock in technique, time con-
stant 10 s, and recorder was used. The temperatures at 

Table 1. Crystal structure of 4,5-dichloroimidazole, C3H2N2C12; 
experimental conditions for the structure determination and 
crystal structure data. 

Formula 
Crystal habitus 

Diffractometer 
Wavelength / l /pm 
Monochromator 
T/K 
Scan 
Absorpt ion coefficient p / m - 1 

F(000) 
(sin E/X)mJpm~\ 
Number of reflexions measured 
Independent reflexions 
Reflexions considered 
Number of free parameters 
R(F) 
Kin 
Lattice constants a/pm 

b/pm 
c/pm 
V • 1 0 ~ 7 p m 3 

Space group 
Formula uni ts /uni t cell Z 
e c / ( M g - m " 3 ) 
f?*/(Mg • m ) 

Point positions: all atoms in 8b : 

C 3 H 2 N 2 C 1 2 ; M = 136.95 
Colorless prism 
(0 .15x0.18x0.65) mm 3 

Stoe-Stadi 4 
71.069 ( M o K a ) 
Graphite (002) 
290 
co/26 

938 
544.00 

0.005385 
1419 
744 
660 

71 
0.060 
0.056 

684.2(5) 
684.2(5) 

2414.0(20) 
1130.06(259) 
D 4 - P 4 1 2 1 2 
8 
1.609(3) 
1.577 (wi th Nonane 

as l iquid) 

x, y, z; x,y,j + z; 
y,x,z; y, x, z; 

r - y , i + x , i + z; i + y , i - x , f + z; 

;-xA+yA-z; i + x , i - y , | - z 
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Table 2. Atomic coordinates and thermal parameters of 4,5-dichloroimidazole, C 3 H 2 N 2 C 1 2 ; the temperature factor is of the 
form: T = exp{ — 2TT2(1/1 t h2a*2 + U22k2 b*2 + U33 l2c*2-2 U12 hka*b* + 2 Ul3 hla*c* + 2 U23klb*c*)}. The Vl} are given in 
(pm)2; U is isotropic mean for the hydrogen atoms. 

A tom x/a b/y z/c Un(U) U22 ^ 3 3 U12 3 ^23 

Q<4) 0.3392(4) 0.5888(4) 0.1551(1) 1125(20) 837(17) 1356(24) 215(13) 103 (18) 392(14) 
Cl (5 ) 0.7021 (3) 0.2261 (4) 0.1627(1) 743(14) 1161(19) 1143(19) 230(12) 233(13) 25(15) 
N D ) 0.4327(9) 0.1190(10) 0.2361 (3) 715(46) 719(43) 746(46) 397(36) - 5 ( 3 5 ) 38(39) 
C<2) 0.2603(13) 0.1774(13) 0.2554(4) 870(60) 906(65) 768(35) 431(52) 127(54) 127(48) 
N <3) 0.2054(9) 0.3447(9) 0.2327(3) 700(39) 786(43) 780(43) 415(36) 47(38) 46(37) 
C<4) 0.3477(10) 0.3880(10) 0.1963(3) 643(43) 513(42) 668(45) 121(40) - 1 7 9 ( 4 4 ) - 2 7 ( 3 7 ) 
c ( 5> 0.4898(10) 0.2521(11) 0.1982(3) 606(42) 634(45) 592(46) 163(43) - 4 8 ( 4 0 ) - 6 8 ( 4 5 ) 
H(N ( 1 ) ) 0.5065(127) 0.0321(113) 0.2466(31) 900 

- 6 8 ( 4 5 ) 

H(C(2>) 0.2201(127) 0.1084(120) 0.2817(30) 900 

Table 3. Crystal structure of 4,5-dichloroimidazole, C3H2N2C12; 
intra- and intermolecular distances {d/pm) and angles (°). 

Atoms d/pm Atoms Angle/0 

C 1 ( 4 ) . _ C < 4 ) 169.6(7) Cl ( 5 ) _ C ( 5 ) . _ C ( 4 ) 132.3(7) 
Cl<5>-_ C ( 5 ) 169.6(7) Cl ( 5 ) -C< 5 ) -_ N ( I ) 121.3(5) 
N A > _ _C<2) 133.1(10) C < 4 ) _ -C ( 5 ) - , N U ) 106.3(7) 
C ( 2 ) _ , N ( 3 ) 132.4(9) Q ( 4 ) -C ( 4 ) -_ C ( 5 ) 127.2(7) 
N<3>_ _C<4, 134.5(9) Q<4>. -C ( 4 ) -_ N ( 3 ) 122.4(5) 
C<4>_ C ( 5 ) 134.6(9) C < 5 ) _ C ( 4 ) _ , N ( 3 ) 110.3(7) 
C < 5 ) _ , N ( 1 ) 134.7(9) C ( 4 ) _ , N ( 3 ) _ _ C ( 2 ) 104.9(6) 
N U > _ - H ( N U ) ) 82.0(74) N D ) _ -C ( 2 ) -_ N ( 3 ) 111.4(7) 
C < 2 ) _ H(C< 2 )) 83.7(76) C ( 5 ) _ N U ) _ C ( 2 ) 107.0(6) 
N D ) . , . N ' ( 3 ) 279.5(7) N ' ( 3 ) • • • H ( N ( 1 ) ) -, N » i ) 
N '<3) • • • H ( N U ) ) 198.2(79) 172.4(9) 
Cl ( 5 ) . . . C 1 ' < 4 ) 366.3(3) 

172.4(9) 

a/x b/y c/z 
N' ( 3 ) 0.6554 -0 .2054 0.2673 
Cl ' ( 4 ) 0.1608 0.0888 0.0949 

the sample site were produced in the usual way, see 
e.g. [2], Frequency and temperature measurements are 
accurate to ± 5 kHz and 0.5 K, respectively. 

Results 

In Table 1 some crystallographic data of 4,5-di-
chloroimidazole are given, together with the experi-
mental conditions for the crystal structure determina-
tion. Table 2 lists the atomic coordinates and the 
thermal parameters, and in Table 3 intra- and inter-
molecular coordinates are presented. The calculated 
and observed structure factors are available on re-
quest [15]. 

The 35C1 NQR frequencies are listed for 77 K and 
290 K in Table 4, which contains also the parameters 
describing the temperature dependence of the frequen-

cies. The parameters are the coefficients of the poly-
nomial 

v = i ^ r . (i) 
i = - 1 

Discussion 

In Fig. 1 the projection of the unit cell of 4,5-di-
chloroimidazole along [100] onto the (6c)-plane is 
shown. One recognizes immediately zig-zag chains of 
the molecules running in the direction [010] at z = 0, 
0.25, 0.5, and 0.75. Hydrogen bonds N ( 1 ) - H • • • N<3) 

connect the molecules within a chain. One can also 
speak about layers, parallel to (ab), and the layers are 
bond together by van der Waals forces between the 
chlorine atoms forming the surfaces of the layers. The 
intermolecular bond distance we observe, N(1) • • • N<3) 

is 279.5(7) pm, see Table 3; this value compares well 
with the intermolecular distance N(1) • • • N(3) observed 
for imidazole, for which compound several crystal 
structure determinations have been reported [6-9], 
The layer distances, determined by the intermolecular 
distance Cl<5) • • • Cl'<4) = 366.3 pm, compare favorably 
with the van der Waals diameter of the chlorine atom 
(360 pm). 

It is worthwhile to compare imidazole, C 3 N 2 H 4 , 
with the present derivative, 4,5-dichloroimidazole. 
Imidazole crystallizes with a structure basically simi-
lar to the structure of the 4,5-dichloro compound. In 
both cases the significant structural property is the 
chain structure, formed by intermolecular hydrogen 
bonds. The interesting features of the hydrogen 
bonded chain system of imidazole were found by Zim-
mermann and his coworkers [10-12], By spectro-
scopic methods (IR-, Raman- and 'H-NMR spectros-
copy) and by X-ray diffraction on solutions they 
observed a strong intermolecular hydrogen bond 
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Q : C l ; O : N ; O : C ; O ; H 

Fig. 1. Projection of the unit cell of 
4,5-dichloroimidazole, C 3 H 2 C 1 2 N 2 
along [100] onto the (bc)-plane. The 
molecule marked by * is the one for 
which the coordinates are given in 
Table 2. 

Table 4. Power series expansion v(3 5Cl) = X! T' for 4,5-dichloroimidazole, C 3 H 2 N 2 C 1 2 . N = number of experimental points 
used for f itt ing, a the standard deviation and öT= T2...TX, the temperature range for which the polynomial v (T ) = £ atTl 

was fitted to the experimental v, and v2 . The compound shows 35C1 N Q R frequencies in the whole range covered. The signal 
to noise ratio, S/N, measured wi th a time constant 10 s and recorder is given in parentheses. 

Line 
(35C1) 
N Q R line 
at 77 K 

(35C1) 
N Q R line 
at 389 K 

a - 103 
« - 1 a0 a1 • 103 a2 • 106 

N 5T = T2...Ty Line 
(35C1) 
N Q R line 
at 77 K 

(35C1) 
N Q R line 
at 389 K M H z M H z • K M H z M H z - K - 1 M H z K ~ 2 N 5T = T2...Ty 

1 
2 

37.409(5) 
36.172(5) 

35.760(5) 
34.564(5) 

4 
7 

-11 .844 
-17 .710 

37.935 
36.852 

-4 .663 
-5 .773 

- 2 . 2 0 9 
0.015 16 7 7 . . . 388 

which leads to a proton transfer even in the solid state, 
and there down to 120 K. For the molecule in the solid 
this means the realisation of the two tautomeric forms. 

An important contribution to the imidazole prob-
lem is provided by the 1 4N-NQR experiments of Koo 

and Hsieh [13]. By double resonance experiments the 
authors determined the 14N nuclear quadrupole cou-
pling constants, e2 Qqh'1 (14~N), and the asymmetry 
parameters, >/(14N) at 77 K. 3.2714 MHz and 0.128 
have been found for e2Qqh~1 and rj for one nitrogen 
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and 1.4245 MHz and 0.98 for the other one, respec-
tively. These results show that at 77 K the two nitro-
gen atoms are distinctly different and the hydrogen is 
fixed to one position in the molecule at least in the 
time scale of the NQR experiment. Also e2Qqh~l (2H) 
and r](2H) measured on monodeuteroimidazole by 
Hunt et al. [14] points toward a fixed hydrogen atom 
at 77 K. In [14], the assignment of the 14N NQR 
parameters to the tri-coordinated nitrogen, respec-
tively to the two-coordinated one, is discussed in de-
tail. 

A consequence of a rapid proton exchange between 
the two possible positions of the imino hydrogen is 
the averaging of the intramolecular distances within 
the ring C 3 N 2 . For imidazole the reported distances 
are between 132.0 pm and 137.5 pm [9] at room tem-
perature and between 132.6 pm and 137.8 pm at 
120 K [8]. We find these intramolecular ring distances 
between 132.4 pm and 134.7 pm (Table 3). One signif-
icant difference between imidazole and the 4,5-di-
chloro derivative is the slight overall shortening of the 
intermolecular distances in the Cl-substituted com-
pound compared with imidazole. An other character-
istic of the molecules in the solid is the planarity of the 
rings. [8] reports a maximum deviation of the atoms 
from the optimum plane through the five atom rings 
of 0.4 pm and [9] finds 0.4 pm, too. The best plane 
through the ring N 2 C 3 of 4,5-dichloroimidazole is 
given by 

0.4702 x + 0.5058 y + 0.7160 z = 5. (2) 

the deviations being (in pm):(Cl (4): -3.8;C1 ( 5 ) : - 1 . 9 ; 
N (1): 0.4; C (2 ): - 0 . 9 ; N (3): 1,1; C<4): - 0 . 9 ; C (5): 0.3. 
The substitution apparently slightly disturbes the 
planarity of the ring. 

From the Fourier synthesis we have been able to 
locate the hydrogen at the nitrogen N(1). Therefore we 
must assume that the tautomerism is at least partially 
suppressed by the substitution of H by CI in the posi-
tions 4 and 5. This assumption is supported by our 
35C1 NQR data. In Fig. 2 the frequencies are plotted 
vs. temperature. As already mentioned, the two simple 
conclusions are: The 35C1 NQR spectrum is in agree-
ment with the symmetry properties of the crystal and 
there is no phase transition in the temperature range 
covered by the NQR measurements. Following the 
rule, v(35Cl) = c • (l/(d(C-Cl)~3), and v2 should be 
nearly equal in frequency. This is by no means so. Also 

3 7 . 5 

v(3 5Cl) 

MHz 

3 7 . 0 

3 6 . 5 

3 6 . 0 

3 5 . 5 

3 5 . 0 

X 
/v i 

\ 

N \ 

v2 

\ 
60 160 260 

T/K 
3 6 0 

Fig. 2. 35C1 N Q R frequencies of 4,5-dichloroimidazole as 
functions of temperature. 

the mean of the two frequencies (at 77 K) is much 
lower than expected from the v(3 5Cl)= / ( C - C l ) rela-
tion given in [1] for bonds C(sp2)-Cl. One may find 
several arguments for these discrepancies. The double 
bond C = C may be partially delocalized, the clamping 
of the C = C bond betwen two nitrogen atoms may 
change the hybrid character at the carbons, the Ham-
mett parameter on the CI site may be changed by the 
two nitrogens. Experiments with imidazoles of differ-
ent substitution pattern and a precise location of the 
hydrogen position by neutron diffraction will be help-
ful for solving the problem. 
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