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The 33C1 NQR spectra of several chlorodifluoroacetates were studied as a function of tempera-
ture, including the acid CIF,CCOOH. The cations were: Ammonium, guanidinium, paramethg'l-
anilinium. Also some acid salts M®CIF,CCOO® - n-CIF,CCOOH (n>1) were studied by *°Cl
NQR. The bleaching temperatures of the NQR signals were determined. In the para-methyl-
anilinium salt and in the guanidinium salt a phase transition has been observed. The crystal structure
of guanidinium chlorodifluoroacetate has been determined at room temperature (a=1089 pm,
b=2845 pm, ¢=832 pm, space group Pnma, Z=4). For comparison, guanidinium dichloroacetate
was studied by 3°Cl NQR and by X-ray diffraction, too: P2,/c, Z=4, a=804 pm, b=1202 pm,
¢=1080 pm, f=131.58°. For guanidinium chlorodifluoroacetate and chlorodifluoroacetic acid, the
35CI spin lattice relaxation time 7, and the line width have been followed up as a function of
temperature. Therefrom, the activation energies of the reorientation motion of the group —CF,Cl
have been determined to be 14 kJ - mol ™! (from T;) and 12.5 kJ - mol~* (from 4v) for the pure acid

and 9.2kJ - mol ™! and 8.8 kJ - mol ™!, respectively, for the guanidinium salt.

Introduction

Proton transfer compounds with trichloroacetic
acid, (TCA), as proton donating part have been inves-
tigated extensively, especially by 3°Cl NQR [1-7].
Lynch et al. [8] worked on the problem, particularly
by using 3°Cl NQR spectroscopy, of acid salts of
trichlor- and dichloroacetic acid, and they discussed
the results in the light of crystal structure and hydro-
gen bond of carboxylic acids. A review on the later
topic is given by Speakman [9].

Whereas the acidity of the dichloroacetic acid,
(DCA), is considerably weaker than that of TCA, lead-
ing to a diminuation of the proton transfer power,
chlorodifluoroacetic acid, (CIF,A), is comparable in
its acidity with TCA. We have investigated a number
of salts of CIF,A, neutral and acid ones, and shall
report here on their properties. Also the pure acid
CIF,CCOOH was studied with **Cl; 3*Cl NQR spec-
troscopy at 77 K of his compound is reported in [10].
For comparison, we have studied the structure and
35C1 NQR of the guanidinium salts of carboxylic acids
and of guanidinium dichloroacetate.
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Experimental

The compounds studied were prepared by mixing
stoichiometric amounts of an aqueous solution of the
carboxylic acid and the base of the cation. The solu-
tions were slightly acidified with the carboxylic acid;
in preparation of the acid salts a small excess of the
acid above the wanted stoichiometry was present, too.
The solutions were crystallized at room temperature
by slow evaporation of the solvent H,O. The basic
chemicals were of laboratory grade (Aldrich). In
Table 1 the compounds studied are given with the C,
H, N elemental analysis for some of them.

For the crystal stucture determination a 4-circle
X-ray diffractometer was used. Suitable crystals for
the X-ray work were grown from aqueous solution.
The experimental conditions for the X-ray work and
some crystallographic data of the studied compounds
are given in Table 2. The structures were determined
by direct methods [11] The hydrogen positions have
been taken from difference Fourier synthesis and all
atomic coordinates were least squares refined [12].

The 3°Cl NQR spectra have been recorded with a
superregenerative spectrometer. The wanted tempera-
tures at the sample site were created by a temperature
and flow regulated nitrogen gas stream, by immersion
of the sample in liquid nitrogen, by thermostats with
methanol or silicon oil as the cooling (heating) liquid,
respectively, adapted to the temperature range in
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Table 1. Characterization of compounds investigated; chemical analysis in %weight. * n>1.

Compound Habitus Colour m.p. C H N

K

K] cals. found cals. found cals. found
X=CIF,CCOO
C(NH,)? - X® plate colourless 441 19.01 18.95 3.19 313 2217 2294
NHP - X° prism  colourless 360 16.29 1591 273 245 9.50 8.47
4-(CH,;)C¢H,NH? - X®  prism colourless- 329 4228 41.74 4.73 4.63 5.48 5.28

yellowish

KX -nHX? prism colourless 381 - 15.56 - 0.29 - -
RbX - nHX prism colourless 401 - 13.27 - 0.18 - -
CsX - nHX prism colourless 359 - 12.02 - 0.21 -
TIX - nHX needle  colourless 315 — 8.97 - 0.22 - -
X=Cl,HCCOO
C(NH,)$ - X® prism colourless 435 19.11 19.17 3.51 3.75 2238 22.35

question. For completeness, at some temperatures the
37C1 NQR spectra were observed, too.

Applying the m—1—n/2 pulse sequence, the **Cl spin
lattice relaxation time was determined with pulse
NMR equipment (Matec). For the sample tempera-
ture in the T, (**Cl) measurements a flow and temper-
ature regulated nitrogen gas stream was used.

Results

Crystal Structures of Guanidinium chlorodifluoroacetate
(GuCIEA) and Guanidinium dichloroacetate (GuDCA)

In Table 2 crystallographic data of the title com-
pounds are given together with the experimental con-
ditions for the structure determination. We mention
that we have non unique decision about the space
group of GuClF,A. Both, the centrosymmetric space
group listed in Table 2 and the correlating noncentro-
symmetric space group Cj.-Pna2, are possible and
the crystal structure can be described within both
crystal symmetries. In the noncentrosymmetric case
the R-value is, of course, slightly lower. We return to
this question lateron in the paper.

The positional parameters in the unit cell of Gu-
CIF,A and GuDCA listed in Table 3 together with the
thermal parameters. In Table 4 we have collected the
intraionic distances and angles for GuCIF,A and
GuDCA; included are some interionic distances char-
acterizing the hydrogen bonds.

Figure 1 shows the projection of the unit cell of
GuClF,A along the crystallographic c-axis. The hy-
drogen bond system is marked by dashed lines. Fig-
ure 2 shows the projection of the unit cell of GaDCA

along the a-axis. Again the hydrogen bonds are
marked.

35C1 Nuclear Quadrupole Resonance

Chlorodifluoroacetic Acid, CIF,CCOOH

The 33Cl NQR spectra of the compounds listed in
Table 1 have been measured as a function of tempera-
ture. The **CI NQR frequency of the single line spec-

o OOOOO

T 626 @

o

o

0

Fig. 1. Projection of the unit cell of guanidinium chlorodi-
fluoroacetate along the axis [001] onto the ab-plane. The
cation C(NH,)? and the anion CIF,CCOO® for which the
coordinates are given in Table 3 are marked by *. The hydro-
gen bonds N-H -+ O are shown by dashed lines.
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Table 2. Experimental conditions for the crystal structure
determination and crystallographic data of [C(NH,)$]
- [CIF,CCOO0®] and of [C(NH,)?]- [Cl,HCCOO®]. Dif-
fractometer: Stoe-Stadi 4; wavelength: 71.069 pm (MoKu);
monochromator: Graphite (002); scan: 23/w; M =189.55
and 188.01, respectively.

Formula C;HCIF,N,0, C,H,CI,N,0,
Crystal size (0.3x0.4x1.4)mm?> (0.3 x0.35 x 1.4)mm?>
Temperature /K 300 298
Absor?tion coefficient 489 781
(w/m~™")
(sin 8/2) .y /pPm 0.00538 0.00650
Number of measured 1996 2163
reflexions
Symmetry independent 536 1771
reflexions
Reflexions considered 531 1644
Number of free param- 66 111
eters
F(000) 384 384
R(F) . 0.0628 0.0425
R, (F 0.0650 0.0409 . Y .
L;t(tic)e constants: Fig. 2. Projection of the unit cell of guanidinium dichloro-
a/pm 1089.3(4) 803.6(3) acetate along the axis [100] onto the bc-plane. The cation
b/pm 845.3(3) 1201.6(4) C(NH,)? and the anion CI,HCCOO® for which the cordi-
¢/pm 832.4(3) 1080.2(4) nates are given in Table 3 are marked by *. The hydrogen
° _ 131.583(5) bonds N-H --- O are shown by dashed lines.
Volume of the unit cell 766.46(3) 780.19 (4)
V- 10~/ (pm)’
Space group Pnma-D}$ P2,/c-C3,
Formula units per unit 4 4
cell CIF,CCOOH
Ocate/Mg-m™3 1.643 (300 K) 1.601 (298 K) z
Opykn/Mg-m ™3 1.63 (295K) 1.56 (296 K) 37.4
Point positions All atoms
(F, O, N® H) in 4e: @scl)
in 8d: X 9,2 34X 3—Vi—2 X, 0.2, %, 5, %; VMH
X305 Fi3tz x5—Nite; ’
% 5,2, =X, 3+ 0.3+2 X3tyi—z.
X 3=z 2+xy,1-z
(CLC,NW,indc:x, 3, 2; %2, 2,3 —x, 3, 1+ 21+ x, 4, 1 -z 36.8 \.‘
Numbering of atoms in the molecule (see Table 3 and 4)
HIN.2)
<\ {iN2a - O 36.5
RN ( F
(\ N2 .
» \
() c cl ch
Jm ; i 36.2
(1)) N 5
HINT F
‘(J}H‘_im“
0
HiNZ.2) 35.9
12)2)
H(N 2 O(z) h
HN ) Hi3 |
HNZ O\ ¢ 35.6 ~ l

60 10 160 210 —= T/K 310

Fig. 3. Temperature dependence of the 3Cl NQR line
a2 (single line spectrum) of chlorodifluoroacetic acid.

(3)
N Qe
gz oS o ()
H(N“’,n o'
HINT.2)
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Table 3. Positional and thermal parameter of [C(NH,)$][CIF,CCOO®] and [C(NH,)®][C],HCCOOF®]. The temperature

factor is of the form:

T =exp{—27n2(U;, h* a**+ Uy, k* b*? + Uy, 12 c*2+2U,, hka*b*+2 U,y hla*c*+2U,; k 1 b* c*)} .
The U; are given in (pm)?; U is isotropic mean squares thermal amplitude.

Atom x/a y/b z/c Uiy U U,, Uy, U, U, U,;
[C(NH,)®][CIF,CCO0°]
Cl 0.4205(2)  0.7500(0)  0.5263(2) 1203(18) 1307(22) 545(13) 0(0) 9(10) 0(0)
F 0.5795(3)  0.8732(5)  0.6950(4) 1356(28) 1803(38) 1170(28) 1044(27) —467(20) —284(24)
0 0.3935(3)  0.6191(3)  0.9012(3)  842(20)  359(17) 558(20)  22(15) —45(15) 22(16)
cw 0.1864(5)  0.7500(0)  0.2345(8)  493(32)  414(40) 405(34) 0(18) 32(28) 0(0)
c® 0.4230(5)  0.7500(0)  0.8504(7)  594(34)  499(43) 391(36) 0(0) 86(26) 0(0)
c® 0.5057(6)  0.7500(0)  0.6990(8)  611(38)  643(47) 664(45) 0(0) —73(34) 0(0)
N® 0.1047(6)  0.7500(0)  0.3510(8)  748(42)  607(42) 623(40) 0(0) —148(32) 0(0)
N® 02277(4)  0.6163(4)  0.1767(5)  801(26)  370(23) 679(30) —6(21) —187(20) 50(21)
(N) 0.0749(36)  0.6773(51)  0.3829(52) 600
N@®, 1) 0.2867(31)  0.6175(47)  0.0905(43) 600
HN®.2 0.2063(38)  0.5421(51)  0.2193(46) 600
[C(NH,)®][C1,HCCOO°®]
c1w 1.2789(1)  0.4190(1)  0.3030(1)  512(4) 969(5)  863(5) 53(3) 492(4) 177(4)
c1® 0.9627(1)  0.6006(1)  0.1673(1)  660(5) 791(4)  772(5) 16(3) 430(4) —257(4)
omw 0.7842(2)  0.4081(1)  02117(2)  347(4) 655(9) 417(8) 93(7) 182(7) —18(7)
o 1.0816(2)  0.3826(1)  04786(2)  428(9) 639(9) 413(8) —20(7) 182(7) —86(7)
cw 0.6005(3)  0.1958(2)  0.3351(3)  379(11)  462(11) 469(11) 1(9) 283(10) 19(9)
c® 0.9810(3)  0.4248(2)  0.3400(3)  364(11)  428(10) 438(12) —15(9) 252(10) 24(9)
c® 1.1225(3)  0.5034(2)  0.3294(3)  377(12)  538(12) 469(13)  57(10) 246(11) 56(10)
N® 0.5135(3)  0.2393(2)  0.1911(2)  419(11)  708(13) 387(11) 129(10) 170(9) —17(10)
N® 0.7901(3)  02372(2)  0.4722(2)  457(11)  655(12) 367(10)  81(9) 226(10) 0(0)
N® 0.4990(4)  0.1151(2)  0.3449(3)  554(14)  658(13) 624(14) 132(11) 376(12) —1(11)
H®D 0.5841(35) 0.2959(17)  0.1856(25) 600
H®N:2) 0.4072(36)  0.2127(18)  0.1101(26) 600
HN.D 0.8806(34) 0.2893(16)  0.4663(25) 600
H®N®.2) 0.8389(37)  0.2098(18)  0.5578(27) 600
HN®.D 0.5585(35)  0.0856(16)  0.4444(26) 600
HN®.2 0.3862(37)  0.0880(17)  0.2606(27) 600
H® 1.2300(34)  0.5462(16)  0.4295(25) 600

trum of CIF,A at 77K was already reported by
Lucken [10], and within the limits of error there is in
agreement with the value we found (37.486 MHz this
paper, 37.485 MHz [10]). In Fig. 3 the graph v(**Cl)
= f(T) is shown.

An experimental problem occurred in the study of
CIF,A, the origin of which is not clear yet. The first
sample of CIF,A used showed at T=230K a small
peak in the differential thermoanalysis, DTA. We care-
fully studied the temperature dependence of v(*°Cl)
around T =230 K but dit not find any sign of a phase
transition in the NQR spectrum. A second sample, of
the same source (Aldrich), was without a DTA peak,
and all the data on CIF,A we report here have been
collected with the second sample. The interesting
point is that v(3*Cl)= f(T) is almost identical for both
samples, distinctly differing at 77 K by 20 kHz and
merging at temperatures above 200 K. Some impurity
effect seems to be responsible for that observation.

CIF,A melts at 297 K. Approaching the melting
point, the width of the 3°Cl NQR line broadens
strongly, as seen in the Av=f(T) curve (Figure 4).
T,(**Cl) decreases strongly with increasing tempera-
ture and is < 100 ps shortly below the melting point of
the compound; this is seen in Figure 5.

For CIF,A and all other compounds studied here,
we have rationalized the temperature dependence of
the **Cl1 NQR frequencies by developing v(3°Cl)=
f(T) in a power series

v(33Cl) = i T (1)

i=-1

The coefficients of the power series are given in Table 5.
In Table 6 we list the 3°Cl NQR frequencies at 77 K
and at the bleaching out point (or an other chosen
temperature) together with the signal to noise ratio,
(S/N), and some other data of interest.
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Table 4. Selected intra- and intermolecular distances (in pm)
and intra- and intermolecular angles (in degree) of
[C(NH,)®][CIF,CCOO°®] and [C(NH,)$][Cl,HCCOO®],
determined by X-ray diffraction.

245

32

Av(35Cl)

I
CIF,CCOOH

Atoms Distance Atoms Angle
[C(NH,)$][CIF,CCO0°)

Intramolecular:

Ccl-c® 171.1(6) CI-C®-F 108.1(4)
F-C® 131.6(4) Cl-c®¥-Cc® 111.6(4)
ce_co 155.0(8) F-C®-F 104.6(5)
0-C® 122.7(3) F-C®_Cc® 112.1(4)
NO_cw 131.6(7) 0-C?»-0 128.7(6)
N@_cm 130.8(4) o-C_c® 115.6(3)
NO_HND 74430) NW_CH_N® 120.2(3)
N@_HN®.D 96.4(34) N@_CH_N®@ 119.5(5)
N@_H&®.2) 75.7(33)

Intermolecular:

O---N® () 314.8(3) NO_HEND ... 141.3(44)
O---N® (ij) 328.2(6) NO_HND...Q 134.7(45)
O---N® (ii) 292.0(5) N@_HN®D...0  173.8(31)
O---N@ (i) 303.2(5) NAO_HN®2...0  160.3(42)
O---HN™ (i) 253.4(44) (i): %—x, 1-y, %+z
0--~H‘N‘:” (i) 2716039 ). lix, 32—z
O---HN®D (iii) 195.9(36) (ii): x i42
O---HN®2 (i)  230.9(40) : y P

[C(NH,)?] [C1,HCCOO®]

Intramolecular:

clIv_c® 178.0(2) c1v-c®_C1® 110.2(1)
C1®-c® 175.9(2) CI'V_C®_H® 106.2(12)
H®-Cc® 969(19)  CI®-C®-H® 106.2(12)
cP-_c® 154.0(3) ClV_c®_c® 107.3(1)
on_c® 124.6(2) Cl®-Cc®_c® 113.2(1)
od_c® 124.3(2) H®-Cc®-c® 113.4(13)
NW_cm 131.8(3) on-_c®_o@» 127.2(2)
N@_cm 1329(2) on-_c@®_c® 118.0(2)
N®_Cc® 131.6(3) o_c®_c® 114.7(2)
NO_Hg WD, 1) 91.3(20) NO_COH_N@ 119_0(2)
NO_HN®.2) 77.8(20) NW_CH_N® 121.0(2)
N@_HN®.D 99.3(200 N@_CH_N® 120.0(2)
N(Z),H(Nm. 2) 79.8(21)

N(B)_HlNW,l) 9]_0(20)

NO_HN®.2) 81.3(21)

Intermolecular:

oW...N® 287.3(2) NO_HN®D...0M  170.1(19)
OW-..N®@ (j) 314.8(2) N@O_HN®.2...0M  149.2(21)
OM---N®@ (j) 299.6(3) NO_HN®-D...0M  151.5(18)
OoW...HE D 197.0(21)

OW... HN®2 (i) 243.6(22)

OW---HND (i) 216.3(21)

O®-..N® (i)  298.1(2) NO-_HN®2...0® 148.8(23)
o?...N® 288.6(2) N@_HN®.D...0 173.3(17)
O®---N® (ii)  304.8(2) NO_HN®2...0@  145.1(20)
O@...HNM-2(ij) 2289(21)  (i): x, -y, —14z
0(2)"'H(N‘j"“ 189.7(21) (ll) 14x, %_y, %+z
0@...HN®.2» 234 5(21)

kHz [

22

17

12

’ W
.,,.—'./“’./‘y

60 100 140 180

2
220 —=T/K 300

Fig. 4. Temperature dependence of the **Cl NQR line width
(half width) Av, in chlorodifluoroacetic acid.

Guanidinium chlorodifluoroacetate,
C(NH,)$ - CIF,CCOO®

The 35Cl NQR spectrum of GuCIF,A, shown in
Fig. 6, is a single line spectrum for both solid phases
of the compound, the low temperature phase II and
the high temperature phase I. For phase II, both the
line width 4v(3**Cl) and the relaxation time T,(3>°Cl)
have been followed up from 77 K to the phase transi-
tion temperature T; ;=296 K---303 K. The results
are graphically shown in Figs. 7 and 8, respectively. A
single 3°Cl NQR line for GuCIF,A is in agreement
with the crystal structure determined at room temper-
ature.

NHP - CIF,CCOO0®,
4-(CH;) C¢H,NH - CIF,CCOO®

The 3°CI NQR spectrum, a single line, of ammonium
chlorodifluoracetate was studied in the range 77 <
T/K <fade out temperature (T;). Also para-methyl-
anilinium chlorodifluoroacetate shows a single line
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3

Table 5. Power series expansion of v(**Cl)= f(T) for the investigated compounds: f(T)= Y a;T'; AT:temperature range
i 1

covered; z: number of data; ¢: standard deviations.

AT ¢ il 4 aq a,- 103 a, - 10° a, -10°
Compound . z = - -
K kHz  MHz-K MHz MHz - K MHz-K~? MHz-K?
X = CIF,CCOO
CIF,CCOOH 77-291.1 32 43 —103.719 40.912 —36.752 146.058  —262.904
C(NH,)$ - X® phase I 77-296.2 16 8.7 —70.915 38.522 —50.338 216.090  —617.529
phase I 303.3-423.5 29 0.8 5044.981 —40.637 243913  —453.438 313.760
NH$ - X® 77-200.9 28 24 —158.978 41.420 —57.274 240292 —419.227
4-(CH,;)C¢H,NH? - X® 77-118.2 12 22 101.303 33.071 229.198  —123.038 -
KX - nHX 77-105.1 1 2.7 —0.813 37.415 —2.483 —43.502 -
77-105.1 11 22 —218.923 43.808 —81.694 255.143 -
77-105.1 11 2.2 —76.723 38.770 —27.034 61.903 -
77-107.1 11 2.9 —137.085 40.674 —53.940 163.626 -
RbX - nHX 77— 96.0 9 34 —998.028 69.262  —360.427 1240.215 -
77-106.1 13 5.6 —496.338 51.691  —171.404 547.666 =
TIX - nHX 77— 96.1 9 3.6 —1069.829 73.538  —413.998 1490.040 -
77-100.3 11 25 —129.523 40.121 —34.837 52.981 -
71— 921 7 38 —665.026 59.236  —296.744 985.761 -
77-100.3 11 3.6 —33.086 36.506 —0.274 79161 -
X = Cl,HCCOO
C(NH,)¥ - X© 77-404.7 18 6.5 —55.287 38.463 —16.170 46.554 —70.000
77-404.7 19 8.5 —54.424 38.312 —16.016 47.080 —72.409

Table 6. Some 3°Cl frequencies at selected temperature and
signal to noise ratio, S/N (lock in technique; time constant
10s). v,,: bleaching out frequency; Ty : bleaching out tempera-

ture.
C5C) (T S vw(%C) (T, S
Compound ! ) <—> — % ) (—b> —
(X=C|F2CCOO) MHz K N MHz K N
CIF,CCOOH 37.486 (77) 134 35.751 (291.2)* 2
C(NH,)? - X°
phase IT 34.989 (77) 85 30.244 (296.2) 2
phase I 17.018 (303.3) 4 17.080 (423.5) 2
NHY - X°© 36.178 (77) 34 35.420 (200.9) 2
4-(CH,)C,H,NH® - X® 35422 (77) 30 34919 (1182) 2
KX - nHX 36.956 (77) 6 36.666 (105.1) 2
36.187 (77) 7 35.957 (105.1) <2
36.060 (77) 7 35.883 (105.1) <2
35.711 (77) 8 35.510 (105.1) <2
RbX - nHX 35.901 (77) 6 35.693 (96.0) <2
35.291 (77) 5 34992 (106.1) <2
CsX - nHX 36.060 (77) 3 - -
35929 (77) - - =
TIX - nHX 36.601 (77) 8 36.383 (96.1) 2
36.070 (77) 18 35.868 (100.3) <3
35.674 (77) 19 35.534 (92.1) 2
35.583 (77) 19 35.346 (100.3) 2
CI,HCCOOH ® 38.807 (77)
37.729 (77)

C(NH,)? - C,HCCO0®
36746 (77) 70
36621 (77) 44

34762 (404.7) <2
34.598 (404.7) <2

2 6 K below the melting point. — ° lit. [14].

35CI NQR spectrum. For these two compounds v(*>Cl)
= f(T) is shown in Figure 9; frequencies and parame-
terization of v(33Cl)= f(T) are found in Tables 5 and 6.
DTA experiments have shown that 4-(CH;)C¢H,NH
- CIF,CCOOF® undergoes a phase transition solid «
solid at T'=295 K. Since the fade out temperature T
of the 3*>CI NQR line is near 120 K, it was not our aim
to study the crystal structure of this compound.

M®CIE,CCO0® - nCIF,CCOOH

We have tried, see Table 1, to synthesize acid salts of
the chlorodifluoroacetic acid. The results of the chem-
ical analysis, preliminary X-ray diffraction studies,
and the 3°Cl NQR results are not concordant. We
report here the temperature dependence of the *Cl
NQR spectra for the salts with M =K, Rb, Cs, and TI;
n is unknown, >1. Figure 10 shows v(**Cl)= f(T);
frequencies etc. are given in Tables 5 and 6.

Guanidinium dichloroacetate,
C(NH,)% - Cl,HCCOO®

GuDCA reveals a two line **Cl NQR spectrum,
smoothly following the Bayer model [13]. v(*°Cl)=
f(T) is shown in Figure 11. The two line spectrum
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Fig. 5. Logarithm (log,,) of the spin lattice relaxation time
T, (3°Cl) as a function of the reciprocal temperature, 1/7, in
chlorodifluoroacetic acid.

shows no sign for as phase transition over the whole
temperature range studied. Bleaching out (fade out) of
the chlorine NQR resonances was observed; the sig-
nals disappear at 405 K (30° below the melting point).
For 33Cl NQR frequencies etc. see Tables 5 and 6

Discussion

The crystal structures of the two guanidinium salts,
guanidinium chlorodifluoroacetate and guanidinium
dichloroacetate, are determined by a network of the
hydrogen bonds N—H - -- O one finds in both crys-
talline compounds. The guanidinium ion can form six
bonds N-H ---O. There are, however, only two
oxygen per anion. Therefore one expects at most three
bonds N—H --- O for each oxygen, which is quite un-
likely and, to our knowledge, never reported in litera-
ture.
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Fig. 6. Temperature dependence of v(33Cl) in eguanidinium
chlorodifluoroacetate, C(NH,)? - CIF,CCOO®°.

Let as first consider the intraionic structure of the
guanidinium ion in both compounds. The best plane
through the carbon atom and the three nitrogen
atoms is, for GuClF,A:

0.7400x —0.6726 z=4.0343
and for GuDCA:
0.5043x+0.6671 y—0.5477z=15.0014 .

The deviations of the atoms from these planes are very
small (in pm): +0.32(C), —0.11 (N @) in GuCIF,A;
1.07(C), —0.35, —0.36(N*2¥) in GuDCA. This
proves: The carbon-nitrogen frame in the guani-
dinium ion is essentially planar with a very slight
deformation to a trigonal pyramid. The hydrogens of
the guanidinium ion are in both compounds out of
plane, but we shall not discuss this in detail because of
the uncertainties of the hydrogen positions.
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Fig. 7. Line width (half width) Av of the 3°Cl NQR line of
guanidinium chlorodifluoroacetate, C(NH,)? - CIF,CCOO°®,
phase II.

As mentioned above, the crystal structure of GuCIF,A
can be described in the centrosymmetric space group
Pnma and in the acentric space group Pna2, . In both
descriptions, the 3°Cl NQR single line spectrum of
GuClF,A is in accordance with the crystal structure.
A deciding experiment would be provided by 4N
NQR, which in the case of centrosymmetry would
show two different **N nuclear quadrupole coupling
constants (for N and N®), and in the case of
noncentrosymmetry three coupling constants of 4N
(N, N@ N®). A N NQR experiment and crystal
structure determination well above and below the
phase transition point have to be done.

In agreement with the crystal structure, the 3°Cl
NQR spectrum of GuDCA shows two lines. The split-
ting is small, 120 kHz at 77 K, 160 kHz at 405 K, not
matching the fairly large difference in the bond dis-
tances C—Cl (178 and 176 pm).
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200 125 100 TIK 75
t W [ — —
CINH,)Y- ctF,cc00® //-
0.7 /
tog-1)
0.2
-0.3
@
-0.8
|
-1.3 |
4 6 8 10 10%KIT 14

Fig. 8. log,, [T, (3*Cl)] = f(1/T) of guanidinium chlorodiflu-
oroacetate, phase II.

The distances C—Cl are in the range reported in
literature. In GuDCA the mean distance C-Cl is
177 pm; in 4-methylanilinium dichloroacetate it is
176.5 pm for both formula units in the asymmetric
unit of the elementary cell, and in 3,4-dimethylanilin-
ium dichloroacetate the mean is 175.7 pm [7]. There is
a shortening of the C—Cl bond length in the group
CIF,C - compared to the dichloro- and trichloro-
methyl group. The bond length C—Cl in GuClF,A is
171 pm. One should not overestimate such a compar-
ison of bond distances, since the **Cl NQR experi-
ments show that in many cases the C—Cl bond may by
dynamically shortened due to the motion of the
halogenomethyl group.

The hydrogen bond system in the title compounds
of which the crystal structures are reported here is
not a strong one. The bond scheme can be seen in
Figs. 1 and 2. The interionic bond distances (Table 4)
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Fig. 9. Temperature dependence of v(3*Cl) in ammonium
chlorodifluoroacetate and in para-methylanilinium chloro-
difluoroacetate.

N-H---O are in the range 292<d(N--- O)/pm
<328 for GuClF,A and 287<d(N---O)/pm<314
for GuDCA, rather long for N-H --- O bond [15]. It
is a weak hydrogen bond network in the two com-
pounds; but at least two bonds connect each oxygen
of the cation with the nitrogen of the anions in both
compounds.
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Fig. 10. Temperature dependence of v(3>Cl) for several acid
chlorodifluoroacetates;

e: K®CIF,CCOO® - nCIF,CCOOH,

m: Rb®CIF,CCOOP° - nCIF,CCOOH, and

a: TI®CIF,CCOO°® - nCIF,CCOOH; n>1.

In Figs. 4 and 5 we have shown the line width and
the reciprocal spin lattice relaxation time of the 35Cl
NQR in chlorodifluoroacetic acid. In Figs. 7 and 8
these properties are given for guanidinium chloro-
difluoroacetate, phase II. Therefrom the activation °
energy of the reorientational motion of the group
—CF,Cl can be calculated. T, is determined by the

Table 7. The activation energies and parameters (see (2)—(4)) obtained from spin-lattice relaxation and Av line width
measurements of >*Cl NQR of CIF,CCOOH, and [C(NH,)$][CIF,CCOO®].

c d a b E, c E,
ompoun S T e——f n —_— TR —— e
(X=81F2CCOO) sTL.K™" st kJ -mol ! g~ kJ -mol !
CIF,CCOOH 0.13-10°¢ 27 0.11-10° 14.0 0.6 - 10* 12.5
C(NH,)$ - X° phase Il 2.85-10"° 24 0.04 - 10° 9.2 0.5-10* 8.8
4-CIC,H,NHCOF,CI * 40010+ 23 18.67 - 10° 130 - -
Cl,P=NCCI(CF,), ® = - - 10.0 - -

* Lit. [18]. ® Lit. [19].



250

36.9

|

| CINH,S- ClpHeco0®

v(3cCl)
MHz

36.1

35.7

35.3

34.9

.

34.5

60 130 200 270 T/IK 410

Fig. 11. Temperature dependence of v(*>Cl) in guanidinium
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