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From acid aqueous solutions of guanidinium carbonate and monochloroacetic acid, 
(ClH 2 C)COOH :H 2 NC( = N H ) N H 2 ^2.5, the compound [C(NH 2 ) 3 ] e [ (ClH 2C)COOH • • • 
OOC(CH 2 Cl)] e crystallizes with the space group C ^ - P l , Z = 4, a = 1147.4 (5) pm, b= 1113.2 (5) pm, 
c = 876.5 (4) pm, a = 88.66 (2)°, 0 = 80.31 (2)°, y = 84.41 (2)° (metastable phase I). Cooled to 77 K once, 
phase I transforms at room temperature slowly into the stable phase II, orthorhombic, D ^ — Pbca, 
Z = 8, a= 1299.2 (4) pm, b= 1533.7 (4) pm, c= 1073.9 (3) pm. The crystal structure determinations 
show for both phases an ionic lattice with guanidinium cations [C(NH2)3]® and acid bis-
(monochloroacetate) anions [(ClH2C)COOH • • • OOC(CH 2 Cl) ] e in which a monochloroacetic acid 
molecule and a monochloroacetate ion are bound to the dimer anion by an asymmetric hydrogen 
bond O - H ••• O. 

A strong crystal field effect, much dependent on temperature, is observed in the 35C1 N Q R 
quadruplet spectrum of phase I, with a frequency spread of « 4 MHz at 300 K, whereas in phase II 
the frequency splitting of the observed 35C1 NQR doublet is almost constant between 77 K and 
310 K, about 700 kHz. The phase transition I -+ II is very sluggish and unidirectional. The transition 
II —»-1 needs the recrystallization of II from water. 

Structure and dynamics of the two solid phases are discussed. 

Introduction 

O u r interest in the connect ion between the 35C1 
nuclear quadrupo le resonance, N Q R , spectra of 
mono- , di-, and tr ichloroacetates of the general 
formula ( R N H 3 ) ® ( ( C l 3 _ ; c H x C ) C O O ) e , x = 0 , 1 , 2 [1] 
led us to investigate also some salts with the anion 
( (C lF 2 C)COO)" [2]. The guanidinium cation 
[C(NH 2) 3]® was studied in combinat ion with 
( ( C l F 2 C ) C O O ) e and ( ( C l 2 H C ) C O O ) e . It turned 
out that this cation introduces a s t rong tempera-
ture dependence of the 35C1 N Q R spectrum 
of ( ( C l F 2 C ) C O O ) e and ( ( C l 2 H C ) C O O ) e . Fo r 
[ C ( N H 2 ) 3 ] ® ( ( C l 2 H C ) C O O ) e , v (35C1) of the N Q R 
doublet increases by 2 M H z over the range 7 7 - 4 1 0 K, 
and for [ C ( N H 2 ) 3 ] e ( ( C l F 2 C ) C O O ) e the singlet fre-
quency v( 3 5 Cl) decreases by « 5 M H z from 77 K to 
275 K, at which tempera ture a phase transit ion occurs 
and v (35C1) is found by 13 M H z lower than above the 
transi t ion tempera ture [2]. This anomalous behavior 
of the salts is most p robably connected with the high 

Reprint requests to Prof. Dr. Al. Weiss, Institut für Physi-
kalische Chemie, Technische Hochschule Darmstadt, Peter-
senstraße 20, W-6100 Darmstadt. 

symmetry of the guanid in ium ion. A hydrogen bond 
network connects the three N H 2 g roups of the ion 
with the carbonyl oxygen atoms, and j u m p s of the ion 
a round its pseudo-threefold axis or a round the pseu-
do-twofold axes may be the origin of the anomalous 
temperature behavior and the observed phase transi-
tions. 

In course of this work we studied the acid salt 
guanidinium monochloroace ta te , and we report here 
on the structures and the 3 5C1 N Q R spectra of the 
two-phase system. A compar i son of the structures 
with the crystal s t ructures (a-phase [3, 4], ß-phase [5]) 
and the 35C1 N Q R spectra [6 -8 ] of the three solid 
phases (a, ß, y) of monochloroace t ic acid is also given. 

Experimental 

The title c o m p o u n d , acid guanid in ium mono-
chloroacetate, [C(NH 2) 3]® [ ( C l H 2 C ) C O O H • • • O O C 
(CH 2 Cl ) ] e was prepared f rom guanidinium carbona te 
and monochloroacet ic acid, bo th c o m p o u n d s of com-
mercial origin (Aldrich) and used without fur ther pu-
rification. The guanid in ium ca rbona te was dissolved 
in water and ( C l H 2 C ) C O O H was added to this solu-
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Table 1. Characterization of the guanidinium bis-monochloroacetate, [C(NH 2 ) 3 ] e [ (C lH 2 C)COOH • • • O O C ( C H 2 C l ) ] e ; 
chemical analysis in % weight. 

Compound Habitus Colour m.p. a C H N 
[K] 

Calc. Found Calc. Found Calc. Found 

[C(NH2)3]® [ (ClH 2 C)COOH • •• O O C ( C H 2 C l ) ] e 

Phase II (stable) prism colorless 322 24.21 23.70 4.47 4.46 16.94 16.41 
Phase I (metastable) prism colorless 322 24.21 23.80 4.47 4.46 16.94 17.45 

a Decomposition. 

t ion up to a ra t io ( ( C l H 2 C ) C O O H ) : [C(NH 2) 3]® = 2.5. 
Concent ra t ing the solution at r o o m tempera ture in 
air, a colorless crystalline solid precipitates, the crys-
tals being of reasonable size, coarse prisms with edge 
lengths up to several millimeters. (No effort was made 
to produce larger size crystals.) The compound was 
dried in a dessicator over C a C l 2 . In Table 1 the chem-
ical analysis (C, N, H) and some propert ies are given. 

Fo r the s t ructure de terminat ion small single crys-
tals were selected f rom the mater ia l crystallized f rom 
solution and later on used for the 3 5C1 N Q R experi-
ments. Since in course of the 3 5C1 N Q R experiments 
it was found tha t two solid phases of the c o m p o u n d 
exist, we ment ion tha t small single crystals of phase I 
(the metastable phase gained f r o m aqueous solution) 
remain to be single crystals af ter the thermal treat-
ment which causes the transi t ion to phase II, the sta-
ble phase. This is t rue at least for crystal sizes up to 
1 m m 3 , and it offers good changes for single crystal 
N Q R work on bo th phases. 

Using a 4-circle X-ray diff ractometer (Stoe), diffrac-
tion intensities, corrected for abso rp t ion and Lorentz-
polarizat ion factor, were collected. Theref rom the 
crystal s t ructures of the two phases of the title com-
pound were determined by direct me thods [9]. The 
hydrogen posi t ions were f o u n d f rom difference 
Fourier synthesis by a least squares procedure [10]. 
The thermal ampli tudes of the hydrogen a toms were 
isotropically fixed during the refinement. 

The 35C1 N Q R spectra have been recorded with a 
superregenerative spectrometer. F o r the measure-
ments v (35C1) = / ( t e m p e r a t u r e T) the wanted tem-
peratures were created at the sample site by a temper-
ature and flow regulated s t ream of ni trogen gas and 
by immersing the sample in to liquid ni trogen for 
T = 77 K. The sample tempera tures have been mea-
sured by a thermocouple (copper-constantan) to 
± 0 . 3 K. The width (about 10 kHz) of the N Q R lines 
limits the accuracy of the f requency measurements 

( + 3 kHz). Fo r compar ison, at several tempera tures 
the 3 7C1 N Q R spectrum was observed. 

Phase Transition 

The relation between phase I and phase II of the 
title compound was explored qualitatively only. A 
simple phase indicator is the 3 5C1 N Q R spectrum. 
Phase I: 4 lines; phase II : 2 lines. Crystall isation f rom 
aqueous solution (ratio of cat ion to acid « 2 . 5 ) at 
room temperature gives phase I. Dur ing keeping the 
compound over CaCl 2 in a desiccator at r o o m tem-
perature over weeks, phase I is "stable". Heat ing up to 
300 K has no influence. Cool ing down phase I ra ther 
quickly (5') to 77 K does not change the 3 5C1 N Q R 
quadruple t of phase I. When warming up this sample 
and keeping it at 300 K for several days at this temper-
ature, the two line 3 5C1 N Q R spectrum of phase II is 
observed, and it does not change over weeks. 

If one freezes phase I down to 77 K and measures 
the 3 5C1 N Q R spectrum f rom 77 K up, on can observe 
the spectrum of I for several hours and thereby cover 
a temperature range f rom 100 K to 200 K in one ex-
perimental run. To complete the spectrum v( 3 5 Cl) 
= / (T) of phase I up to 310 K, we started f rom 200 K 
up with a fresh sample I. In a fur ther run a sample I 
was cooled to 253 K (1 h), heated to 288 K (2 h), 
cooled to 233 K (1.5 h), heated to 288 K (1 h), and 
cooled to 195 K (3 h). In this experiment, only phase I 
was detected after each step. We proceeded with this 
experiment, warming up to 288 K. After several days 
the spectrum of phase I was weak, and the spectrum of 
phase II was present with med ium intensity. Go ing 
down to 220 K (1 h), phase I became weaker, phase II 
stronger and after 3 more hours phase I was very 
weak, II strong. Go ing up to 288 K (2 h), no signal of 
I, but of phase II only was observable. 



480 R. Basaran et al. • Crystal Structures and Spectra of Guanidinium bis-Monochloroacetate 480 

Table 2. Experimental conditions for the crystal structure 
determinations and crystallographic data of guanidinium 
bis-monochloroacetate. Diffractometer: Stoe-Stadi 4; wave-
length: 71.069 pm(MoKa) ; monochromator: Graphite (002); 
scan: 2 9/a>. Qpyk was measured at T = 295 K. 

Compound [C(NH2)3]® 
phase [(ClH2C)COOH • OOC(CH 2 Cl)] e 

Phase II Phase I 
(stable) (metastable) 

Formula 
(molar mass) C 5 H , , C 1 2 N 3 0 4 (248.07) 

Crystal size (0.35 x 0.45 (0.25 x 0.4 
x 0.5) mm 3 x 2.0) mm 3 

Temperature/K 299 294 
Absorption 

coefficient ( ^ / m _ 1 ) 601.1 585.5 
(sin 9/A)max/pm 0.00595 0.00538 
Number of measured 

reflexions 2450 2944 
Symmetry indepen-

dent reflexions 1888 2872 
Reflexions considered 1746 2494 
Number of 

free parameters 159 318 
F (000) 1024 512 
R(F) 0.039 0.045 
Kw^) 0.037 0.040 
Lattice constants: 

a /pm 1299.2 (4) 1147.4 (5) 
b/pm 1533.7 (4) 1113.2(5) 
c/pm 1073.9 (3) 876.5 (4) 
a/° 90.0 88.66 (2) 
ß/° 90.0 80.31 (2) 
y/° 90.0 84.41 (2) 

Volume of the unit 
84.41 (2) 

cell V-10~7(pm) 3 2139.83 (3) 1098.29 (4) 
Space group Pbca-D2h Pl -C;1 

Formula units 
Pbca-D2h 

per unit cell 8 4 
0 c a i c / M g - n r 3 1.540 (3) 1.500 (4) 
n k n / M g - m 
Point positions 

1.52 1.47 n k n / M g - m 
Point positions all atoms in 8 c all atoms in 2i 

x, y, z; x, y, z; x, y, z,; x, y, z 
z; \ - x , i + y, z; 
z; x , ± - y , ± + z; 

i - x , y, ± + z; | + x, y, i - z . 

W e c o n c l u d e t h a t b e t w e e n 225 K a n d 190 K the 
p h a s e t r a n s i t i o n I —>• II is in i t ia ted (nuclea t ion) . T h e 
g r o w t h of p h a s e II is s luggish, a n d we h a v e been un -
ab l e to obse rve a n y la ten t hea t by d i f ferent ia l t h e r m a l 
analys is . Of the ti t le c o m p o u n d , p h a s e II is the s table 
a n d p h a s e I the m e t a s t a b l e one . 

Results and Discussion 

In Table 2 the e x p e r i m e n t a l c o n d i t i o n s for the crys-
tal s t r u c t u r e d e t e r m i n a t i o n s a re listed, t o g e t h e r wi th 

Fig. 1. Projection of the unit cell of [C(NH2)3]® 
[(ClH2C)COOH • •• OOC(CH 2 Cl ) ] e , stable phase II, along 
[001] onto the ab plane. Open circles: Large (CI), medium 
(O), ?mall (C), very small (H); hatched small circles (N). 

s o m e c ry s t a l l og raph i c d a t a , such as space g r o u p , la t-
tice cons t an t s , etc., fo r b o t h sol id phases of g u a n i -
d i n i u m b i s - ( m o n o c h l o r o a c e t a t e ) . 

Crystal Structure of the Stable Phase II 
and the Metastable Phase I 
of Guanidinium bis-(Monochloroacetate), 
[C(NH2)3]® [(CIH2C) COOH • • • OOC(CH2Cl)]e 

T h e title c o m p o u n d , s t ab l e p h a s e II, is ava i l ab le 
f r o m the m e t a s t a b l e p h a s e I by the t h e r m a l t r e a t m e n t 
descr ibed a b o v e . It c rys ta l l izes o r t h o r h o m b i c , space 
g r o u p D ^ - P b c a , wi th Z = 8 chemica l un i t s in the 
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Table 3. Positional and thermal parameters of [C(NH 2 ) 3 ] e [(ClH2C)COOH • • • OOC(CH 2 Cl) ] e , phase II (stable). The tem-
perature factor is of the form 

T = exp{ —27c2(C/11 h2 a*2 + U22k2b*2 + U3312 c*2 + 2U12hka* b* + 2U13hla* c* + 2U23klb* c*)}. 

The Uij are given in (pm)2; U is isotropic mean for the hydrogen atoms. 

Atom x/a y/b z/c Un,U u22 ^33 U12 u13 u23 

412(4) 672(5) 16(3) - 3 ( 4 ) 36 (3) 
430 (4) 354 (4) 7(4) 5(5) 66 (3) 
389 (10) 461 (11) 0(9) - 2 3 ( 9 ) 111(9) 
410(11) 291 (9) - 3 7 ( 1 0 ) 29 (8) 8(8) 
418(10) 264 (9) 3(9) - 2 1 (9) 8(8) 
341 (9) 320 (9) 23 (9) 14(8) - 3 7 ( 8 ) 
447 (14) 418(14) - 5 1 ( 1 2 ) --150(11) - 1 3 ( 1 1 ) 
457(16) 406(14) - 1 8 7 ( 1 4 ) --265(13) 9(12) 
374(13) 309(12) - 2 4 ( 1 2 ) - 3 8 ( 1 2 ) 29 (10) 
405 (14) 308 (12) - 1 6 ( 1 2 ) 11 (10) 12(11) 
453(15) 344(13) - 2 4 ( 1 1 ) - 2 6 ( 1 0 ) 47(11) 
503(16) 381 (14) - 7 ( 1 4 ) 27(12) 24(13) 
385 (14) 342 (14) - 2 8 ( 1 1 ) 1(10) 19(11) 
383 (15) 311 (14) 6(12) - 7 ( 1 2 ) - 9 ( 1 1 ) 

Atom x/a y/b z/c UJU 

Cl( l ) 
CI (2) 
O ( l ) 

0(2) 
0 ( 3 ) 
0 ( 4 ) 
N(l ) 
N(2) 
N(3) 
C ( l ) 
C(2) 
C(3) 
C(4) 
C(5) 
H(02) 
H'(N1) 
H"(N1) 
H'(N2) 
H " (N2) 
H'(N3) 

0.1011 (1) 
0.1266(1) 
0.1159(1) 
0.1221 (1) 
0.1423(1) 
0.1543(1) 
0.1827 (2) 
0.1091 (2) 
0.1416(2) 
0.1446 (2) 
0.1134 (2) 
0.0980 (2) 
0.1416(2) 
0.1240 (2) 
0.1320(19) 
0.2174(19) 
0.1763(19) 
0.0759 (21) 
0.1158(18) 
0.1270(19) 

0.7232 (0) 
0.5723 (0) 
0.4692(1) 
0.5699(1) 
0.4444(1) 
0.4011 (1) 
0.2652 (2) 
0.2316(2) 
0.1232(1) 
0.2058 (2) 
0.5447 (2) 
0.6154 (2) 
0.4581 (2) 
0.5524 (2) 
0.5237(16) 
0.2468 (17) 
0.3241 (16) 
0.1999(17) 
0.2900(16) 
0.0848 (17) 

0.5554 (1) 
-0.0646(1) 
0.5533 (2) 
0.4032 (2) 
0.2499 (2) 
0.0540 (1) 
0.3349 (2) 
0.1493 (2) 
0.2894 (2) 
0.2577 (2) 
0.5180 (2) 
0.6125 (2) 
0.1330 (2) 
0.0974 (2) 
0.3541 (25) 
0.3907 (25) 
0.3158 (23) 
0.1123 (25) 
0.1242 (25) 
0.2299 (23) 

859 (4) 
1046 (6) 
724(12) 
829(13) 
944 (14) 
825 (13) 
791 (17) 

1098 (22) 
926(18) 
545(15) 
431 (14) 
592(18) 
482 (14) 
667(19) 
600 
600 
600 
600 
600 
600 

0.1522(20) 0.1060(16) 0.3623(25) 600 
0.8480(19) 0.3895(16) 0.3265(24) 600 
0.9662(19) 0.3907(16) 0.3502(23) 600 
0.8281 (19) 0.4127(16) 0.8711 (24) 600 
0.9458(19) 0.4302(15) 0.8829(22) 600 

H" (N3) 
H'(C3) 
H"(C3) 
H'(C5) 
H"(C5) 

elementary cell, a= 1299.2 (4) pm, b = 1533.7 (4) pm, 
c = 1073.9 (3) pm. There is one chemical unit in the 
asymmetr ic unit of the elementary cell. 

The metastable phase I, grown f rom acidified 
aqueous solution, crystallizes triclinic centrosym-
metric, space g roup Q 1 — PT, Z = 4, a = 1147.4 (5) pm, 
fc = 1113.2(5) pm, c = 876.5 (4) pm, a = 88.66 (2)°, 
ß = 80.31 (2)°, y = 84.41 (2)°. Since Z = 4, there are two 
chemical units in the asymmetr ic unit of the elemen-
tary cell. In the following we call the two crystallo-
graphically independent units of phase I A and B. The 
density of metastable phase I is a b o u t 2 % lower than 
that of the stable phase II. 

In Table 3 posi t ional and thermal parameters of the 
a toms in phase II are given, and in Table 4 the corre-
sponding da ta for phase I. For the s t ructure factors 
F c , Fc see [17]. Table 5 lists the intra- and intermolec-
ular (ionic) distances and angles for bo th phases. 

In Fig. 1 the unit cell of phase II is shown in projec-
tion along the axis [001] on to the ab plane. Figure 2 
gives the project ion of the unit cell of phase I along 
[100] on to the be plane. In this project ion the axis 
[010] is inclined 5.4° against [001]; [100] is inclined 

by —9.6° against [001]. A compar i son of the projec-
tions immediately points out the close relat ionship 
between the structures of the phases. F r o m Fig. 1 
one recognizes that the ions [ C ( N H 2 ) 3 ] e and 
[ ( C l H 2 C ) C O O H • • • O O C ( C H 2 C l ) ] e are located at be 
planes centered at x « 1 / 8 , 3/8, 5/8, and 7/8, and there 
is no hydrogen bond observed between these layers. 
The contact is a pure van der Waals-type one. In Fig. 2 
we also recognize immediately planes, formed by the 
cations and anions, parallel to (011). Also here van der 
Waals contacts only connect these planes in the direc-
tion [011]. 

No t only with respect to very similar layer struc-
tures, the layers formed by cat ions [C(NH 2) 3]® and 
anions [ (C lH 2 C)COOH • • • O O C ( C H 2 C l ) ] e , the struc-
tures of the two phases are quite closely related. Fig-
ures 3 a, b illustrate the s t ructure of phase II by projec-
tion of half of the unit cell a long [100], Fig. 3 a: 
0 ^ x ^ 0 . 5 ; Fig. 3 b : 0 ^ x ^ 0 . 2 5 . In Fig. 3 a the layers 
centered at x = 1/8 and x = 3/8 are projected together 
along [100] on to the (be) plane. In Fig. 3 b a single 
layer, centered at x = 1/8 is shown. All the characteris-
tics of the s t ructure can be seen. 
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Table 4. Positional and thermal parameters of [C(NH2)3]® [(ClH2C)COOH • • OOC(CH 2 Cl) ] e , phase I (metastable). For 
the definition of the temperature factor see Table 3. 

Atom x/a y/b z/c uu,u U22 u» 2 Ü13 ^23 

Molecule A 
CI (1) 1.2211 1) 0.1219 1) 0.6623 (1) 632 (6) 987 (8) 1208 (9) —125 (6) 360 (6) 232 (7) 
Cl(2) 0.4958 2) 0.1921 2) 0.6325 (2) 515(8) 1263 (21) 1298(19) — 67 (12) - 1 2 6 (12) 716 (14) 
CI (2 a) 0.5074 9) 0.1406 8) 0.5508(11) 815(53) 808 (54) 1505 (87) - 2 5 2 (42) - 6 2 3 (62) 374 (47) 
O ( l ) 1.0594 2) 0.2988 2) 0.5133 (3) 640(16) 607 (16) 993(19) - 1 6 9 (13) - 1 0 3 (14) 251 (14) 
0 ( 2 ) 0.9134 2) 0.1785 2) 0.5365 (3) 554 (16) 671 (17) 1265 (24) - 1 2 7 (14) - 3 1 8 (16) 296 (16) 
0 ( 3 ) 0.7753 2) 0.3214 2) 0.4067 (3) 521 (15) 778 (18) 1033 (20) - 7 8 (13) - 1 4 5 (14) 318 (15) 
0 ( 4 ) 0.5858 2) 0.3644 2) 0.3871 (3) 574(15) 774 (17) 900(18) - 3 0 (13) - 2 3 6 (13) 288 (14) 
N ( l ) 0.3801 3) 0.5146 3) 0.2623 (4) 520(18) 757 (22) 942 (25) - 1 1 3 (18) - 2 2 3 (19) 309 (18) 
N(2) 0.3221 3) 0.3648 3) 0.4310(4) 580 (21) 748 (22) 958 (25) - 1 0 4 (18) - 3 0 6 (20) 335 (18) 
N(3) 0.1857 3) 0.4771 3) 0.3133(4) 537 (20) 756 (23) 1029 (26) - 1 6 0 (17) - 3 1 2 (18) 431 (18) 
C ( l ) 0.2960 3) 0.4526 3) 0.3356 (4) 610 (23) 529 (21) 674 (23) - 5 7 (19) - 2 1 0 (19) 90 (18) 
C(2) 1.0173 3) 0.2075 3) 0.5558 (4) 510 (22) 560 (23) 675 (23) - 1 1 (18) - 6 3 (18) 46 (18) 
C(3) 1.0744 3) 0.1072 4) 0.6429 (5) 535 (23) 718 (26) 1043 (34) - 1 5 2 (22) - 1 8 6 (22) 261 (25) 
C(4) 0.6671 3) 0.3040 3) 0.4377 (4) 616(23) 600 (23) 666 (23) - 5 1 (19) - 1 3 2 (20) 82 (18) 
C(5) 0.6440 3) 0.1971 4) 0.5446 (5) 596 (24) 755 (27) 966(34) - 1 1 4 (21) - 1 9 7 (22) 283 (25) 
H ( 0 2 ) 0.8726 38) 0.2354 40) 0.4789 (50) 600 
H'(N1) 0.4479 24) 0.5006 27) 0.2758 (34) 600 
H"(N1) 0.3686 24) 0.5741 26) 0.1965 (33) 600 
H' (N2) 0.2672 24) 0.3219 27) 0.4784 (34) 600 
H" (N2) 0.3909 24) 0.3530 28) 0.4383 (36) 600 
H'(N3) 0.1291 25) 0.4317 25) 0.3624 (32) 600 
H"(N3) 0.1677 25) 0.5371 25) 0.2545 (32) 600 
H'(C3) 1.0726 26) 0.0329 26) 0.6013(34) 600 
H"(C3) 1.0283 24) 0.0924 26) 0.7421 (31) 600 
H'(C5) 0.6523 25) 0.1186 26) 0.4797 (32) 600 
H"(C5) 0.6811 25) 0.1991 27) 0.6253 (33) 600 
Molecule B 
CI (1) 0.7703 1) 0.8923 1) -0 .2087(1) 619(6) 1282 (10) 1129 (9) - 1 1 5 (6) - 1 2 4 (6) 203 (7) 
CI (2) 0.0303 1) 0.8511 1) -0 .1043(1) 731(7) 1014 (8) 1315(9) - 2 2 3 (6) - 4 2 5 (7) 640 (7) 
O ( l ) 0.6036 2) 0.7307 2) -0 .0316(3) 766(18) 884 (20) 950 (20) - 1 2 5 (15) - 1 7 8 (15) 263 (16) 
0 ( 2 ) 0.4411 2) 0.8426 2) -0 .0705 (4) 551 (17) 890 (20) 1458 (27) - 8 6 (15) - 1 7 5 (17) 467 (19) 
0 ( 3 ) 0.2967 2) 0.7105 2) 0.0829 (3) 607(16) 824 (18) 970(19) - 1 2 7 (14) - 2 8 6 (15) 343 (15) 
0 ( 4 ) 0.1084 2) 0.6687 2) 0.1131 (3) 605(15) 716 (16) 820(17) - 1 7 3 (13) - 1 6 9 (13) 339 (14) 
N ( l ) 0.8889 3) 0.5057 3) 0.2251 (4) 611 (22) 970 (27) 1064 (27) - 2 6 2 (21) - 3 3 1 (22) 360 (21) 
N(2) 0.8552 3) 0.6479 3) 0.0444 (4) 692(24) 827 (25) 946 (26) - 2 2 7 (20) - 1 6 8 (21) 291 (20) 
N(3) 0.7069 3) 0.5380 3) 0.1589(4) 549 (22) 882 (26) 938 (26) - 8 4 (18) - 1 4 1 (18) 406 (19) 
C (1) 0.8166 3) 0.5650 3) 0.1438 (4) 624 (24) 574 (22) 679(24) - 1 0 0 (19) - 8 3 (20) 62 (19) 
C (2) 0.5550 3) 0.8157 3) -0 .0876 (4) 674 (26) 638 (25) 780 (26) - 2 (21) - 1 5 2 (22) 48 (21) 
C (3) 0.6170 4) 0.9072 4) -0 .1907 (6) 622 (26) 841 (29) 1215(40) 9 (23) - 1 3 2 (27) 328 (32) 
C(4) 0.1907 3) 0.7274 3) 0.0563 (4) 658 (24) 570 (22) 618(23) - 4 2 (20) - 1 5 7 (20) 106 (18) 
C(5) 0.1730 3) 0.8313 4) - 0 . 0 5 4 6 (5) 608 (24) 772 (28) 878(30) - 1 5 3 (22) - 2 6 0 (21) 260 (24) 
H ( 0 2 ) 0.3897 19) 0.7878 16) 0.0092 (25) 600 
H'(N1) 0.9516 35) 0.5239 17) 0.2200 (25) 600 
H" (NI) 0.8578 36) 0.4468 17) 0.2958 (26) 600 
H'(N2) 0.8074 35) 0.6921 16) - 0 . 0 0 5 9 (26) 600 
H"(N2) 0.9251 37) 0.6667 17) 0.0416(27) 600 
H'(N3) 0.6600 34) 0.5761 16) 0.1219(25) 600 
H"(N3) 0.6767 37) 0.4768 18) 0.2303 (27) 600 
H'(C3) 0.5932 34) 0.9118 16) -0 .2797 (25) 600 
H"(C3) 0.5847 34) 0.9921 16) -0 .1613(25) 600 
H'(C5) 0.2291 34) 0.8177 16) -0 .1489(25) 600 
H" (C5) 0.1855 34) 0.9026 16) -0 .0061 (25) 600 

F r o m Figs. 3 a, b o n e f inds o u t t h a t each ion 
[ C ( N H 2 ) 3 ] ® f o r m s 4 h y d r o g e n b o n d s . O n e of the th ree 
N H 2 g r o u p s ( N ( 3 ) H 2 ) f o r m s t w o h y d r o g e n b o n d s : 
N ( 3 ) H " - - - ( 0 ( 4 ) ) , w h e r e 0 ( 4 ) is o n e of the oxygen 
a t o m s of the O O C ( C H 2 C l ) g r o u p of the a n i o n 

[ ( C l H 2 C ) C O O H ••• O O C ( C H 2 C l ) ] e a n d N ( 3 ) H ' • • • 
O ( l ) , c o n n e c t i n g the g u a n i d i n i u m ion via h y d r o g e n 
b o n d wi th the g r o u p ( C l H 2 C ) C O O H of the a n i o n . 
T h e oxygen a t o m 0 ( 4 ) accep t s a s econd h y d r o g e n 
b o n d f r o m N(2), N ( 2 ) H " • • • 0 ( 4 ) . T h e o t h e r h y d r o g e n 
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Table 5. Selected intra- and intermolecular (interionic) distances (in pm) and intra- and intermolecular (interionic) angles (in 
degree) of [C(NH2)3]® [(ClH 2C)COOH • • OOC(CH 2 Cl)] e . A and B are the crystallographically independent units in the 
asymmetric unit. 

Atoms Distance 

Stable phase Metastable phase 

B 

Atoms Angle 

Stable phase Metastable phase 

B 

Intramolecular: 
C l ( l ) - C ( 3 ) 
C l ( 2 ) - C ( 5 ) 
0(1)-C(2) 
0(2) -C(2) 
0 ( 3 ) - C ( 4 ) 
0 ( 4 ) - C ( 4 ) 
O (2)-H (02) 
C (2) -C (3) 
C ( 4 ) - C ( 5 ) 
H ' ( C 3 ) - C (3) 
H " ( C 3 ) - C (3) 
H ' ( C 5 ) - C ( 5 ) 
H " ( C 5 ) - C (5) 
N ( l ) - C ( l ) 
N ( 2 ) - C ( l ) 
N ( 3 ) - C ( l ) 
N ( l ) - H ' ( N l ) 
N (1) -H"(N1) 
N ( 2 ) - H ' ( N 2 ) 
N (2) -H"(N2) 
N ( 3 ) - H ' ( N 3 ) 
N ( 3 ) - H " ( N 3 ) 
Intermolecular: 
O(l) 
O(l) 
0 ( 3 ) 
0 ( 3 ) 
0 ( 4 ) 
0 ( 4 ) 
0 ( 4 ) 
O(l) 
O(l) 
0 ( 3 ) 
0 ( 3 ) 
0 ( 4 ) 
0 ( 4 ) 
0 ( 4 ) 
C l ( l ) 
C l ( l ) 
CI (2) 
C l ( l ) 
C l ( l ) 
C l ( l ) 
C l ( l ) 
CI (2) 
CI (2) 
CI (2) 
CI (2) 

N(2) 
N(3) 
N ( l ) 
0(2) 
N(l ) 
N(2) 
N(3) 
H ' (N2) 
H ' (N3) 
H"(N1) 
H(02) 
H'(N1) 
H"(N2) 
H" (N3) 
CI (2)c 

N(2) 
N(2) c 

N(l) 
N(2) 
O(l) 
0 ( 4 ) 
N(3) 
O(l) 
0(2) 
0 ( 3 ) 

176.3(3) 
176.6 (3) 
121.9 (3) 
129.7 (3) 
127.2 (3) 
123.1 (3) 
89.3 (25) 

149.9 (3) 
151.3 (3) 
96.3 (24) 
93.0 (24) 
88.8 (24) 
96.9 (24) 

132.8(3) 
131.3 (3) 
131.2 (3) 
80.1 (25) 
93.1 (24) 
76.3 (25) 
93.9 (24) 
88.9 (25) 
83.8 (25) 

324.9 (4)1 

292.3 (4)1 

294.4 (3) 
254.7 (2) 
348.8 (3)3 

285.4 (2) 
287.0 (3)3 

271.9 (24)1 

207.4 (23)1 

202.5 (24) 
165.8 (26) 
298.1 (25)3 

192.9 (24) 
206.1 (24)3 

340.7 (3)5 

350.8 (3)6-7 

370.3 (3)7 

370.6 (3)8 

363.3 (3)8 

394.2 (3)9 

361.2 (3)10 

174.4(4) 
175.0 (4) 
119.3 (4) 
130.4 (4) 
125.8 (4) 
123.5 (3) 
94.0 (42) 

149.8 (5) 
151.3 (5) 
91.5(28) 
95.8 (26) 

104.2 (27) 
88.7 (26) 

131.1 (4) 
131.7(4) 
131.4 (4) 

80.6 (26) 
88.3 (27) 
87.2 (27) 
80.1 (27) 
90.7 (27) 
86.4 (27) 

313.4 (5)2 

294.2 (4)2 

284.9 (3)a 

252.3 (4) 
309.4 (4) 
298.4 (4) 
301.1 (4)a 

239.0 (24)2 

208.8 (25)2 

191.9 (26)a 

160.1 (25) 
239.4 (25) 
222.1 (26) 
205.7 (25)a 

328.7 (4)11 

351.1 (4)0,1 

332.7 (4) 

173.1 (4) 
175.7 (4) 
118.9 (4) 
129.7 (4) 
127.1 (4) 
123.0(4) 
105.8 (35) 
149.8 (5) 
151.4 (5) 

86.7 (27) 
100.4 (27) 
96.4 (27) 
94.3 (27) 

130.4 (4) 
131.2(4) 
130.7(4) 
76.0 (27) 
94.6 (27) 
87.0 (26) 
84.4 (27) 
76.3 (27) 
96.4 (27) 

311.9 (4) 
296.5 (4) 
284.3 (4)'6 

252.0 (4) 
325.1 (4)4 

309..6 (4)4 

289.8 (4)b 

238.3 (25) 
227.1 (26) 
198.5(26)" 
148.9 (25) 
257.7 (26)4 

229.6 (26)4 

203.7 (26)b 

325.3 (4)11 

363.3 (4)c-11 

327.4 (5)11 

C 1 ( 1 ) - C ( 3 ) - H ' C 3 ) 107.1 (15) 107.3(19) 112.5(23) 
C1(1 ) -C(3 ) -H" (C3) 105.4(16) 110.0(18) 110.2(27) 
H ' ( C 3 ) - C (3)-H"(C3) 110.6(21) 97.4(26) 93.8(26) 
CI (1) -C (3 ) -C (2) 116.1(2) 115.2(3) 115.1(3) 
CI (2) -C (5)-H' (C5) 105.0(17) 97.8(18) 107.6(17) 
CI (2) -C (5)-H"(C5) 100.7(15) 102.5(19) 107.7(19) 
H ' ( C 5 ) - C (5)-H"(C5) 114.0(22) 120.0(26) 110.8(27) 
C l ( 2 ) - C ( 5 ) - C ( 4 ) 114.3(2) 114.9(4) 114.2(3) 
C ( 2 ) - 0 ( 2 ) - H ( 0 2 ) 109.7(17) 113.9(28) 115.3(27) 
O (1 ) -C ( 2 ) - 0 (2) 125.2(2) 126.1 (3) 125.5(4) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) 118.7(2) 125.6(3) 124.8(4) 
O (2 ) -C (2 ) -C (3) 116.0(2) 108.3(3) 109.7(3) 
0 ( 3 ) - C ( 4 ) - 0 ( 4 ) 124.2(2) 125.4(3) 125.6(3) 
0 ( 3 ) - C ( 4 ) - C ( 5 ) 114.1(2) 113.0(3) 112.9(3) 
0 ( 4 ) - C ( 4 ) - C ( 5 ) 121.7(2) 121.6(3) 121.5(3) 
N ( l ) - C ( l ) - N ( 2 ) 118.5(2) 120.0(3) 120.0(3) 
N ( l ) - C ( l ) - N ( 3 ) 120.7(2) 120.3(3) 119.4(3) 
N ( 2 ) - C ( l ) - N ( 3 ) 120.8(2) 119.7(3) 120.6(3) 

N(2) - H'(N2) ••• O ( l ) 159.4 (18) 143.5 (20) 142.6 (22) 
N(3) - H'(N3) ••• O ( l ) 128.5 (19) 156.5 (21) 151.7 (21) 
N ( l ) - H"(N1) ••• 0 ( 3 ) 168.9 (22) 167.1 (20) 163.6 (21) 
O (2)- H (02) • • • 0 ( 3 ) 173.3 (19) 165.9 (19) 163.1 (20) 
N (1)--H'(N1) • •• 0 ( 4 ) 123.5 (18) 145.8 (20) 148.8 (21) 
N (2)--H"(N2) •• • 0 ( 4 ) 162.1 (18) 159.4 (21) 158.3 (21) 
N (3)--H"(N2) •• • 0 ( 4 ) 167.9 (19) 170.0 (21) 174.3 (21) 

1 O ( l ) : x, l 
2 " -y, 

2 O ( l ) : — 1 + x, y, z 
3 O (4): x, 1 

2 " -y, i + z 
4 O (4): 1 + x » y. z 
5 CI (1): x, 3 

2 " -y, z 
6 CI (1): i + X . y, i - * 

361.3 (4)a-12 382.9 (5)b-13 

362.9 (4)b-13 

390.4 (4)a-14 -
358.9 (4)a-14 -
402.8 (4)a-14 375.1 (4)b-13 

396.2 (4)a-14 362.0 (4)b-13 

N ( 1 ) , N ( 2 ) : 
8 O( l ) , 0 ( 4 ) : 
9 0(2): 

1 0 O (3): 
11 CI (1)A, CI (1)B, N (2)b: 
12 CI (1)A: 
1 3 CI (1)B, CI (2)b: 
1 4 C1(2)a: 

l 
2 

2 

2 A' 
2 
1 — X, 

2—x, 
1 —x, 
1 —X, 

i+y> 

i-y, 
1 -y, 
i-y, y, 

i-y, 
i-y, 
i-y, 

i + z 

z 
1 — z 
1-z 
— z 

a Mol. A ••• Mol. B; b Mol. B • • Mol. A; no letter: Mol. A ••• Mol. A, Mol. B ••• Mol. B; c The van der Waals distances 
within the layer; all other distances are between two layers. 
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Fig. 2. Projection of the unit cell of phase I (metastable) 
of [C(NH2)3]®[(ClH2C)COOH • • • OOC(CH2Cl)]® 
along [100] onto the be plane. Open circles mark 
cation and anion A of the asymmetric unit, hatched 
symbols mark cation and anion B. The stared ions are 
the ones for which the coordinates are given Table 4. 

of the g roup N ( 2 ) H 2 is not involved in a hydrogen 
bond. The third N H 2 g roup of the guanid in ium ion, 
N(1 )H 2 , forms, as N ( 2 ) H 2 , only one bond , N(1)H" • • • 
0(3) . Looking on the anion [ ( C l H 2 C ) C O O H • • • 
O O C ( C H 2 C l ) ] e , the hydrogen of the carboxyl g roup 
C (2) O (1) O (2) H (02 ) forms a hydrogen bond 
0 ( 2 ) - H ( 0 2 ) ••• 0 (3 ) . 0 ( 2 ) is the only oxygen a tom 
of the anion not connected by bonds N — H • • • O to 
the guanidinium ion. The single plane project ion 
given in Fig. 3 b points out that the be planes are in 
reality r ibbons built by hydrogen bonds between the 
anions and cations, running along the c direction. By 
van der Waals interact ions CI • • • CI planes are 
formed. Figures 3 a, b show also tha t there is no hy-
drogen bond connect ion in the direction [100] be-
tween the layers parallel to the be plane. 

Qui te similar is the layer s t ructure of phase I. In 
Figs. 4 a, b we show the project ions of par t of the unit 
cell along [001]. The first layer (the stared one in 
Fig. 2) is shown in Figure 4 a. It is pointed out that 
there are two units [C(NH 2) 3]® [ ( C l H 2 C ) C O O H • • • 
O O C ( C H 2 C l ) ] e in the asymmetr ic unit, unit A (open 
circles in Figs. 2, 4 a, and 4 b). The hatched symbols 
stand for unit B. In the Figs. 4 a, b the hydrogen 

bonded anion [ ( C l H 2 C ) C O O H • • • O O C ( C H 2 C l ) ] e is 
clearly seen. The guanidinium ion A is connected via 
hydrogen bonds with the anion A and B, and the 
cation B with the anions A and B. 

For ease of discussion, we have used the same num-
bering for "chemical bond equivalent" a toms in pha-
se II and phase I, unit A and unit B, t roughou t the 
paper, see Tables 3, 4, 5 etc. and the figures. 

Considering bond lengths and bond angles, see 
Table 5 , the bond lengths C — N in the guanid in ium 
ion are quite regular. Fo r phase II one finds 131.2 

— N ) / p m ^ 132.8; < d ( C - N ) > = 131.8 pm. F o r 
phase I 130.7 ^ d ( C - N ) / p m ^131 .7 ; < d ( C - N ) > = 
131.1 pm (both units A and B). This regularity is also 
observed for the angles ( N - C - N ) g 120.8°; <°> = 
120.0°; phase I: 119 .4^ < ( N - C - N ) / ° ^ 120.6; <°> = 
120.0°. One concludes that the C N 3 f rame of the ion 
[C(NH2)3]® is, within the limits of error , planar , as 
reported in [2]. We have calculated the best planes 
t rough the a toms C, N(l ) , N(2), and N(3) of the guani-
dinium ions. They are given by (d in Ä) by 

ax + by + cz = d. (1) 
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Fig. 3a. Projection of the unit cell of [C(NH2)3]® [(ClH2C)COOH • • • OOC(CH2Cl)] e , stable phase II, along [100], from x = 0 
to x = 0.5, onto the be plane. The hydrogen bonds are marked by dotted lines. 

T h e resul ts a re : 

P h a s e II 11.7785 x - 2 . 0 3 0 0 ) ; - 4 . 3 0 3 2 z = 0.1734. 
P h a s e I, A 0.3215 x + 7.3027 y + 6.5951 z = 5.6110; 

B - 0.8846 x + 7.5815 y + 6.1313 z = 4.4316. 
T h e dev ia t ions of the c a r b o n a n d t he n i t r o g e n a t o m s 
f r o m the best p lanes a r e wi th in the l imits of e r r o r 
( m a x i m u m for phase I I : 0.3 p m ; m a x i m u m for p h a s e I, 
A: 0.3 p m , B: 1.1 pm. In t he th ree c rys t a l log raph ica l ly 
dif ferent ions the c a r b o n a t o m s is a t t he t o p of very f la t 
t r igona l py ramids , as o n e w o u l d guess). 

T h e s t ruc tu re of t h e a n i o n [ ( C l H 2 C ) C O O H • • • 
O O C ( C H 2 C l ) ] e is d e t e r m i n e d by the a s y m m e t r i c p o -
si t ion of the hydrogen a t o m H ( 0 2 ) w h i c h is b o u n d t o 
0 ( 2 ) a n d f o r m s a h y d r o g e n b o n d t o 0 ( 3 ) . T h e b o n d 
leng ths wi th in th g r o u p s C O O H a n d C O O of t h e 
a n i o n a re of interest . W e obse rve a sma l l d i f ference 
be tween d ( C ( 2 ) - C ( 3 ) ) = 149.8 p m a n d < / (C(4 ) -C(5 ) ) 
= 151.4 p m for phase I a n d p h a s e II, b o t h well in t he 
r a n g e obse rved for a l ipha t i c C - C d is tances . T h e dis-
t ances C - O within the c a r b o x y l g r o u p differ cons id -

erably , f r o m 122 p m for C ( 2 ) - 0 ( l ) t o 130 p m for 
C ( 2 ) - 0 ( 2 ) in the g r o u p C O O H , a n d f r o m 123 p m fo r 
C ( 4 ) - 0 ( 4 ) t o 127 p m for C ( 4 ) - 0 ( 3 ) in the g r o u p 
C O O of p h a s e II (in p h a s e I : 119 p m . . . 130 p m a n d 
123 p m . . . 127 p m , respectively). We h a v e ca l cu la t ed 
the bes t p l a n e s t r o u g h the c a r b o n a n d oxygen a t o m s 
of the a n i o n s [ ( C l H 2 C ) C O O H • • • O O C ( C H 2 C l ) ] e , 
s epa ra t e ly fo r the g r o u p s C ( 2 ) C ( 3 ) 0 ( 1 ) 0 ( 2 ) a n d 
C (4) C (5) O (3) O (4). T h e h y d r o g e n H ( 0 2 ) w a s n o t in-
c luded in t he ca lcu la t ion . W i t h (1) it w a s f o u n d 

[C (2) C (3) O (1) O (2)] | [C (4) C (5) O (3) O (4)] 
Phase II 

12.8717 x + 1.0719y I 12.8153x + 2.4988y 
+ 1.2502 z = 2.6877 | -I- 0.2324 z = 2.9917 

Phase I 
A A 

- 2.6820 x + 4.6401 y 0.8330 x + 6.8394 y 
+ 7.1695z = 2.2216 + 6.9605 z = 5.6765 

B B 
2.6427 x + 6.3754 y - 0.4979 x + 7.0209 y 

+ 7.2924 z = 6.02741 + 6.6179 z = 5.3881 
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Table 3b. Projection of the unit cell of [C(NH2)3]®[(ClH2C)COOH • • • OOC(CH2Cl)]e, stable phase II, along [100], from x = 0 
to x = 0.25, onto (be). The hydrogen bonds are marked by dotted lines. 

T h e d e v i a t i o n s of the involved a t o m s for the bes t 
p l a n e s a re smal l ; in p h a s e II 0.3 p m (the h y d r o g e n of 
t he O H g r o u p is 1.5 p m off the p lane) a n d 0.1 p m , 
respect ive ly ; in p h a s e I the dev ia t ions of the a t o m i c 
pos i t i ons a re at m o s t 0.4 p m (3.8 p m for the h y d r o g e n ) 
a n d 0.5 p m for the a n i o n A, a n d 0.4 p m (9.5 p m for t he 
h y d r o g e n ) a n d 0.3 p m , respectively, for the a n i o n B. 
T h e ang les the t w o p lanes C (2) C ( 3 ) 0 ( 1 ) 0 ( 2 ) a n d 
C (4) C ( 5 ) 0 ( 3 ) 0 ( 4 ) f o r m a re 7.62° in p h a s e II, 20.63° 
in the a n i o n A a n d 16.58° in the a n i o n B of p h a s e I. 

F o r the i n t e r p r e t a t i o n of the 3 5 C1 N Q R resul ts t h e 
b o n d leng ths C l - C h a v e s o m e weight . W i t h i n t he 
l imits of e r ro r , d(Cl(l)-C(3)) a n d d(C 1 (2) -C(5) ) a r e 
equa l , 176.3 p m a n d 176.6 p m , respect ively, for p h a -
se II a n d 173.1 p m . . . 175.7 p m for p h a s e I. 

35CI NQR in Phase II and Phase I of [C(NH2)J® 
[(CIH2C) COOH • • • OOC(CH2Cl) Je 

T h e 3 5 C1 N Q R s p e c t r u m of the s tab le phase II of 
the ti t le c o m p o u n d is s h o w n as a f u n c t i o n of t e m p e r a -
tu re in F i g u r e 5. I t is a d o u b l e t , in a c c o r d a n c e wi th the 
crys ta l s t ruc tu re . T h e f requenc ies decrease wi th in-
c reas ing t e m p e r a t u r e , as o n e expec ts f r o m the influ-
ence of l i b r a t i ona l m o t i o n s on the electric field grad i -
ent , E F G , a t the c h l o r i n e site [11]. In Table 6 the 
resul ts of t he p o w e r series e x p a n s i o n of v (35C1) = / (T) 
are given for p h a s e II a n d p h a s e I. Table 7 lists the 
3 5 C1 N Q R f requenc ies , selected for t w o t empera tu res , 
t oge the r w i th the o b s e r v e d signal to noise rat io, S / N . 

F i g u r e 6 p resen t s the 3 5 C1 N Q R spec t rum of p h a -
se I as f u n c t i o n of t e m p e r a t u r e . In a c c o r d a n c e with the 
crys ta l s t ruc tu re , the s p e c t r u m is a q u a d r u p l e t ; the 
t e m p e r a t u r e d e p e n d e n c e is as expec ted [11], T h e re-
sults of t he p a r a m e t e r i z a t i o n of v ( 3 5 C 1 ) = / ( T ) a re 
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011) H ' < N 2 L h " (N2 ) j 

CM) / 

H'(N1) • • 
H"(N1) 

^ • • • • c K Ö » , I p 

• Formula unit A 

^^ ! Formula unit B 

Fig. 4a. Projection of part of the unit cell of phase I of the title compound (first layer) along [001] onto (ab). Open circles: 
Ion pair A; hatched circles: Ion pair B. The hydrogen bonds are marked by dotted lines. The stared ions are the ones for which 
the coordinates are given in Table 4. 

^^ : Formula unit a 

; Formula unit B 

Fig. 4 b. As Fig. 4 a, but the second layer is projected. 
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35.5 

v(35Cl) 

MHz 

34.9 

34.6 

34.3 

34.0 

Phase I (metastable) 

60 110 160 210 - T / K 310 

Fig. 6. 35C1 NQR spectrum of phase I (metastable) of 
[C(NH 2 ) 3 ] e [(ClH2C)CCOOH • • • OOCCH2Cl)] e as a func-
tion of temperature. 

[C(NH2)3]®[(ClH2C)C00H--00C(CH2Cl)]e 12' 3 J 

Phase II (stable) 

Fig. 5. 35C1 NQR frequencies of phase II (stable) of 
[C(NH2)3]®[(ClH2C)COOH • • • OOC(CH2Cl)]e as func-
tion of temperature. 

3 

Table 6. Power series expansion of v ( 3 5 C l ) = f { T ) for the guanidinium bis-monochloroacetate: f(T)= £ AT: 
Temperature range for which the power series is valid; Z: Number of data; a: Standard deviation. i = _ 1 

Compound vi AT Z 
a fl-i «0 < v i o 3 a 2 - 1 0 6 a 3 -10 9 

Compound vi AT Z 
kHz MHz - K MHz M H z - r 1 MHz • K ~ 2 MHz K" 

[C(NH2)3]® [(ClH2C)COOH ••• OOC(CH2Cl)]e 

Phase II V1 77-316.2 22 3.2 -31 .014 36.579 - 9 . 6 9 4 29.461 -59.110 
V 2 77-316.2 22 2.5 -29 .881 36.026 - 9 . 2 8 7 18.016 -38.478 

Phase I Vj 77-316.6 29 9.0 -136 .955 39.741 - 4 3 . 5 0 8 159.435 -295.418 
V 2 77-316.6 28 3.8 -71 .953 37.449 - 2 3 . 2 2 2 73.996 -129.902 
V 3 77-316.6 29 5.9 -91 .398 37.641 - 2 7 . 3 7 3 96.358 -177.955 
V4 77-315.6 28 14.7 -114.535 38.040 -43 .898 150.277 -309.655 
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35.8 

5Cl) 
MHz 

33.8 

32.8 

31.8 

30.8 

29.8 

28.8 

V3 
V1 

[C(NH2)3]®[(ClH2C)C00H--00C(CH2Cl)le ^ 

Phase IKstable) : • 

Phase I (metastable) : O 

Table 7. 35C1 NQR frequencies of guanidinium bis-
monochloroacetate at selected temperatures and signal to 
noise ratios S / N (lock in technique; time constant 10 s). 

60 110 160 210 -T/K 310 

Fig. 7. Combined 35C1 NQR spectrum of both phases I 
(metastable) and II (stable) of the studied compound, 
[C(NH2)3]® [(ClH2C)CCOOH • • • OOCCH2Cl)] e . 

l isted in Tab le 6, a n d in Tab le 7 selected f r equenc ie s 
a re given numer ica l ly . 

Comparison of Phase I and II, Structure, 
Dynamics, and 35CI NQR 

T h e N Q R spec t ra of p h a s e I a n d p h a s e I I a r e c o m -
bined in F igure 7. T h e differences be tween phases I a n d 
II in the t e m p e r a t u r e d e p e n d e n c e of v (3 5C1) a r e re-
m a r k a b l e . I n p h a s e II Avx (35C\)/A T is a b o u t 4 k H z / K , 
AV2 ( 3 5Cl)/z l T = 6 k H z / K . T h e s i tua t ion changes d ra s -
tically w h e n cons ide r ing p h a s e I. We f ind z l v 1 ( 3 5 C l ) / 
A T = 15 k H z / K , zlv2 ( 3 5 Cl) /z l T = 8 k H z / K , zlv3 (3 5C1)/ 
AT = 9 k H z / K , a n d z l v 4 ( 3 5 C l ) / z l T = 28 k H z / K (see 
F i g u r e 6). T h e conc lus ion is t h a t l i b r a t i o n a l m o t i o n s 
in the la t t ice of the m e t a s t a b l e p h a s e I a r e exci ted 
m u c h m o r e s t rongly t h a n the ones in the s table p h a s e I. 

F i r s t we shall d iscuss t he q u e s t i o n : C a n we ass ign 
the t w o 3 5 C 1 N Q R f requenc ies of p h a s e II t o CI (1) a n d 

Compound 
v ( 3 5 c i ) / r ^ 

MHz VK; 1 -' N 
v(35Cl) / T \ 
MHz \ K / 

S 
N 

[C(NH2)3]® [(ClH2C)COOH •• OOC(CH2Cl)]e 

Phase II V, 35.582 (77) 35 34.660 (295.4) 12 
35 .012(77) 51 33.766 (295.4) 14 

Phase I v i 35.429 (77) 27 32.654 (298.2) 7 
35.108 (77) 23 33 .418(298 .2) 9 
34.841 (77) 17 33 .019(298 .2) 7 

V4 33.926 (77) 15 29.731 (298.2) 5 

CI (2) in t he un i t cell of II a n d can we co r r e l a t e 
V l ( 3 5 C l ) . . . v 4 ( 3 5 C1) of p h a s e I wi th the ch lo r ines 
C l ( l ) A , C l ( 2 ) A , C l ( l ) B , a n d C1(2)B? 

F r o m p r o t o n t r ans fe r complexes XY, w h e r e Y is 
t r i c h l o r o a c e t i c acid a n d X is a p r o t o n accep to r , o n e 
h a s l e a r n e d t h a t the 3 5 C1 N Q R f requenc ies a r e shi f ted 
d o w n w a r d s , in c o m p a r i s o n wi th the p u r e t r i ch lo ro -
ace t ic ac id , if the p r o t o n is t r ans fe r r ed to the accep to r , 
i.e. if we a p p r o a c h the ion ic s ta te Y e [12]. F o r 
m o n o c h l o r o a c e t i c acid such a b e h a v i o r w a s obse rved , 
t o o [13]. U s i n g this f inding , we c o n c l u d e t h a t in the 
a n i o n [ ( C l H 2 C ) C O O H • • • O O C ( C H 2 C l ) ] e of p h a s e I I 
Vi (3 5C1) is the N Q R f r e q u e n c y of C l ( l ) , t he C l - a t o m 
b o n d e d in the g r o u p ( C l H 2 ) C O O H of the a n i o n , a n d 
v2 (3 5C1) b e l o n g s t o CI (2), t he ch lo r ine wh ich is p a r t of 
t he g r o u p O O C ( C H 2 C l ) . 

T h e a s s i g n m e n t vl(35C\)<-+C\(j) is m o r e diff icult 
( and u n c e r t a i n ) in case of p h a s e I. F i rs t ly we cons ide r 
v 4 ( 3 5 C1) . T h i s is, over t he w h o l e t e m p e r a t u r e r a n g e 
inves t iga ted , the lowest f r equency . W i t h the ru le g iven 
a b o v e we ass ign it t o a ch lo r ine of the g r o u p 
( C l H 2 ) C O O H , e i ther t o C1(2)A o r to C1(2)B . To d o 
this, we m u s t cons ide r t he t e m p e r a t u r e d e p e n d e n c e of 
v 4 ( 3 5 C1) a n d the t e m p e r a t u r e f ac to r s of the C l - a t o m s 
of p h a s e I, see Tab le 4. F r o m F o u r i e r synthes is a n d 
least s q u a r e s r e f inemen t of the s t r uc tu r e it t u r n e d o u t 
t h a t C1(2 ) a is in a split pos i t ion , C1(2)A a n d C l ( 2 a ) A . 
T h e r a t i o of the site o c c u p a t i o n f ac to r s is 
CI (2) a : CI (2 a)A = 0 .8:0 .2 , s h o w i n g s t r o n g l ibra t ional 
m o t i o n s of the g r o u p [ ( C 1 H 2 C ) C O O ] a . We have a lso a 
l o o k o n the h y d r o g e n b o n d sys tem in wh ich 
[ ( C 1 H 2 ) C O O ] a a n d [ ( C 1 H 2 ) C O O ] b a re involved (see 
a l so T a b l e 5 a n d F i g u r e 4 a). T h e oxygen a t o m s O (4)A 

a n d 0 ( 3 ) a a r e each involved in t w o h y d r o g e n b o n d s : 
O ( 3 ) a • • • ( H ( 0 2 ) - 0 ( 2 ) ) a , O ( 3 ) a • • • ( H " ( N 1 ) - ( N 1 ) ) b , 
O ( 4 ) a • • • ( H " ( N 2 ) - N ( 2 ) ) a , O ( 4 ) a - • • ( H " ( N 3 ) - N ( 3 ) ) b . 
T h e c o r r e s p o n d i n g d i s t ances a re O (3)A • •• O (2)A = 



486 
R. Basaran et al. • Crystal Structures and Spectra of Guanidinium bis-Monochloroacetate 490 

2 5 2 p m ; 0 ( 3 ) A - - N ( 1 ) B = 285 p m , 0 ( 4 ) A - N ( 2 ) A = 
298 p m , O (4) a • • • N (3)b = 301 p m . F o r c o m p a r i s o n 
we give t he c o r r e s p o n d i n g d i s t ances of the uni t B. 
O (3)b • O (2)b = 252 p m , O (3)B • • • N (1 )A = 284 p m , 
O ( 4 ) b • • - N ( 2 ) b = 304 p m , O ( 4 ) B • • • N ( 3 ) A = 290 p m . 
A s s u m i n g fo r the van der Waa l s rad i i of N H 2 a n d CI 
175 p m , for oxygen 1.5 p m [14], the d i s t ances dis-
cussed a re wi th in the l imits for h y d r o g e n b o n d . T h e r e 
is n o r e a s o n t o d i s t inguish be tween the h y d r o g e n 
b o n d s cheme of the t w o g r o u p s A a n d B. T h e r e f o r e we 
re lay o n t he X - r a y resul ts on ly in ass igning v 4 ( 3 5 C l ) 
~ C 1 ( 2 ) A . 

W i t h this a s s u m p t i o n a n d the c o m p a r i s o n of t he 
t e m p e r a t u r e coeff icients of v 1 _ 3 ( 3 5 C 1 ) we co r r e l a t e 
VJ (3 5C1) of p h a s e I wi th C1(1)A . F r o m the d i scuss ion 
a b o v e o n the co r r e l a t i on of N Q R f r e q u e n c y a n d ion ic 
c h a r g e of the g r o u p in ques t ion , we f ind v2(3 5C1)<-+ 
C1(2)B a n d v 3 ( 3 5 C 1 ) I ~ C 1 ( 1 ) B . 

As m e n t i o n e d , the re exist th ree solid p h a s e s fo r 
m o n o c h l o r o a c e t i c acid. T h e a - p h a s e is the s t ab le one , 
cons i s t ing of t e t r a m e r i c uni t s a n d in the a s y m m e t r i c 
un i t of the uni t cell the re a re t w o i n d e p e n d e n t 
molecu les [3, 4]. C o n s e q u e n t l y the re a re t w o c rys ta l lo -
g raph ica l ly d i f ferent C l - a t o m s wi th 3 5 C1 N Q R fre-
quenc ies of 34.97 M H z a n d 35.52 M H z a t 292 K [6], 
B o t h f r equenc ies a re h igher t h a n the ones we obse rve 
for p h a s e II of the title c o m p o u n d ; this co r re la t e s w i th 
t he fact t h a t t he re is n o s t r o n g ionic c h a r a c t e r in 
a - ( C l H 2 C ) C O O H . T h e ß - p h a s e of m o n o c h l o r o a c e t i c 
acid cons i s t s of d imer ic uni t s ( ( C l H 2 C ) C O O H ) 2 , a n 
a r r a n g e m e n t qu i t e c o m m o n for ca rboxy l i c ac ids [15]. 
T h e 3 5 C1 N Q R f requency is f o u n d a t 35.54 M H z 
(292 K) a n d is s o m e w h a t h igher t h a n the f r e q u e n -
cies we obse rve for the t w o p h a s e s of the title c o m -
p o u n d . T h e 3 5 C1 N Q R singulet of the y -phase of 
( C l H 2 C ) C O O H is f o u n d in the s a m e f r equency r a n g e 
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w h e r e the N Q R s p e c t r u m of t he a - a n d /?-phase a p -
pea r s . 

F r o m this c o m p a r i s o n we find t h a t there is a n 
in f luence of t he ion ic p a r t of t he crysta l field in 
the ti t le c o m p o u n d [ C ( N H 2 ) 3 ] ® [ ( C l H 2 C ) C O O H • •• 
O O C ( C H 2 C l ) ] e wh i ch induces a n E F G oppos i t e t o 
the o n e d u e t o the b o n d C - C l . 

Van der Waals Interactions 

A n in te re s t ing p o i n t a re the v a n de r Waals in te r -
a c t i o n s in the ti t le c o m p o u n d [16]. T h e ion pa i r 
[ C ( N H 2 ) 3 ] e [ ( C l H 2 C ) C O O H • • • O O C ( C H 2 C l ) ] e is 
f o u n d in t h r ee d i f ferent s u r r o u n d i n g s , differences 
c a u s e d by t he p a c k i n g of the ions in p h a s e II a n d in 
the p h a s e s I A a n d I B. Cer ta in ly , t he m a i n c o n t r i b u -
t ion t o t he c rys ta l field effect is d u e t o the C o u l o m b 
field c r ea t ed by t he c h a r g e d i s t r i b u t i o n in the sol ids 
cons ide red . T h e r e is, h o w e v e r a fairly la rge va r i a t i on 
in the v a n de r Waa l s in t e rac t ion . T h e van der Waa l s 
pa i r s of in te res t a re CI • • • CI, CI • • • H 2 N , a n d CI • • • O . 
In Tab le 5 the i n t e r m o l e c u l a r (ionic) d i s tances a r e 
listed. We f ind fo r t he t w o p h a s e s of the title c o m -
p o u n d v a n de r W a a l s c o n t a c t s w i th in layer a n d be-
tween t he layers . I n p h a s e II t he r e is a n in t r a l aye r 
c o n t a c t CI • • • CI of 341 p m a n d several in te r layer c o n -
tac t s CI ••• N H 2 a n d CI ••• O (351 p m . . . 3 9 4 pm). In 
p h a s e I the t w o in t r a l aye r d i s t ances d v d w (CI • • • CI) 
o b s e r v e d a r e qu i t e sho r t , 329 p m (A • • • A) a n d 325 p m 
( B - B ) . 
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