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The crystal structure of( — )/?-(trichloromethyl)-/?-propiolactone at room temperature is reported, 
as is the 35C1 NQR spectrum in the range 77 ^ T/K ^ 323.5. The compound crystallizes with the 
space group D*-21212lt Z = 8, a = 2416.0 (10) pm, b = 975.6 (4) pm, c = 595.0 (2) pm. The intra-
molecular distances and angles of the two crystallographically independent (-) molecules in the unit 
cell are equal within the limits of error. The spread of the 3*C1 NQR spectrum is within 600 kHz, 
not changing in the temperature range covered. The crystal structure and 35C1 NQR spectrum are 
discussed. 

The results found for the (-) compound are compared with the corresponding ones reported for 
the ( + ) compound [1], and the influence of the different intramolecular interactions in the two solid 
states of the chemically identical compounds on the NQR spectrum is discussed. 

Introduction Experimental 

Recen t ly we h a v e r e p o r t e d t he crys ta l s t r u c t u r e of 
( ± ) / H t r i c h l o r o m e t h y l ) - / ? - p r o p i o l a c t o n e a n d t he 3 5 C1 
N Q R s p e c t r u m of it fo r T ^ 77 K [1], Besides the in-
teres t o n the d y n a m i c a l b e h a v i o r of the g r o u p - C C 1 3 

as a f u n c t i o n of t he b o n d R - C C 1 3 a n d its e n v i r o n m e n t 
in the c rys ta l la t t ice , see e.g. [2], we a re engaged in 
s tud ie s of t he c rys ta l field by n u c l e a r q u a d r u p o l e reso-
n a n c e , N Q R [3]. 

I t w a s p o i n t e d o u t t h a t mo lecu le s wi th o n e o r m o r e 
op t ica l ly ac t ive cen te r s offer a n in te res t ing possibi l i ty 
fo r t he s t u d y of v a n d e r W a a l s i n t e r ac t i ons in m o l e c u -
la r sol ids [4]. I n first a p p r o x i m a t i o n o n e m a y a s s u m e 
u n c h a n g e d i n t r a m o l e c u l a r b o n d p rope r t i e s of the 
mo lecu l e in t he sol id, w h e t h e r it is the ( —) molecu le 
( the ( + ) one , respect ively) o r it is the ( ± ) molecu le 
pa i r . Di f fe rences in t he N Q R spec t r a of ( —) a n d ( ± ) 
s h o u l d be solely d u e t o t h a t p a r t of the electr ic field 
g r a d i e n t t enso r , E F G T , (<PX X , <PYY, 4>ZZ) wh ich is 
c a u s e d by t he c rys ta l field. I n t he fo l lowing, we r e p o r t 
t he c rys ta l s t r u c t u r e a n d t he 3 5 C1 N Q R s p e c t r u m of 
( — ) /? - ( t r i ch loromethy l ) - / J -p rop io lac tone a n d c o m p a r e 
the resu l t s w i th t he o n e s f o u n d fo r the c o r r e s p o n d i n g 
( ± ) c o m p o u n d [1]. 

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

As in case of t he ( + ) c o m p o u n d , co lor less needles 
were g r o w n f o r m the s o l u t i o n of c o m m e r c i a l m a t e r i a l 
(Aldrich) fo r the X - r a y d i f f r ac t i on w o r k . Po lyc rys -
ta l l ine m a t e r i a l w a s used fo r t he 3 5 C 1 N Q R studies . 
X- ray d i f f r ac t ion in tens i t ies were col lec ted o n a S toe-
S tad i -4 f o u r circle d i f f r a c t o m e t e r . Af t e r a p p r o p r i a t e 
c o r r e c t i o n of t he in tens i ty d a t a fo r a b s o r p t i o n a n d 
L o r e n t z - p o l a r i z a t i o n f ac to r , t he c rys ta l s t r u c t u r e w a s 
solved by di rect m e t h o d s [5] a n d f r o m F o u r i e r syn the -
sis. All a t o m s c o u l d b e l oca t ed . T h e s t r u c t u r e p a r a m e -
ters we re ref ined by m e a n s of t he full m a t r i x least 
s q u a r e s m e t h o d [6]. T h e p o s i t i o n s of t h e h y d r o g e n 
a t o m s were f o u n d f r o m di f fe rence F o u r i e r m a p s a n d 
ref ined wi th fixed i s o t r o p i c t e m p e r a t u r e fac tors . 

T h e 3 5 C I N Q R s p e c t r a we re reg is te red as a f u n c t i o n 
of t e m p e r a t u r e T w i th t h e s e t u p desc r ibed in [1]. E r -
ro r s in T a n d v (3 5C1) m e a s u r e m e n t a r e t he s a m e as 
given fo r the ( + ) c o m p o u n d [1], 

Results 

In Tab le 1 t he c r y s t a l l o g r a p h i c d a t a , la t t ice c o n -
s tan t s , etc. of ( — ) /? - ( t r i ch loromethyl ) - /? -prop io lac tone 
a re l isted, t o g e t h e r w i th t he e x p e r i m e n t a l c o n d i t i o n s 
for t he X - r a y d i f f r ac t ion . T h e c o m p o u n d crystal l izes 
wi th in the acen t r i c space g r o u p D 2 ~ P 2 1 2 1 2 1 , a = 
2416.0(10) p m , b = 975.6 (4) p m , c = 595.0 (2) p m , Z = 8 
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Fig. 1. a) Projection of the unit cell of ( — )/?-(trichloro-
methyl)-j?-propiolactone along [001] onto the ab-plane. The 
stared molecules are the ones for which the coordinates are 
given in Table 2. Open symbols: Molecule I; Hatched sym-
bols: Molecule II. b) Numbering of the atoms in the two 

H'(C2) crystallographically independent molecules of ( — )ß-(tri-
chloromethyl)-/?-propiolactone. The figure corresponds to 
the stared molecules of Figure 1 a. 0(2) 

molecu les in the un i t cell. C o n s e q u e n t l y , t he r e a re t w o 
molecules , I a n d II, in the a s y m m e t r i c un i t of the 
e l e m e n t a r y cell. 

F i g u r e 1 a s h o w s the p r o j e c t i o n of the un i t cell 
a l o n g [001] o n t o t he ab p l ane , a n d in Fig. l b the 
n u m b e r i n g of the a t o m s wi th in t he mo lecu le s I a n d II 
is given. T h e n u m b e r i n g of the a t o m s in t he r e p o r t o n 
the s t r u c t u r e of the ( ± ) c o m p o u n d [1] is in a g r e e m e n t 
wi th t h a t used here . P o s i t i o n a l a n d t h e r m a l p a r a m e -
ters of the a t o m s a re l isted in Tab le 2; in Tab le 3 in t r a -
a n d i n t e r m o l e c u l a r d i s t ances a re given, t o g e t h e r wi th 
the c o r r e s p o n d i n g angles . F o r f u r t h e r i n f o r m a t i o n on 
the s t r u c t u r e d e t e r m i n a t i o n see [10]. 

T h e 3 5 C1 N Q R resu l t s a r e p l o t t e d in Fig. 2, v ( 3 5 C1 
= / ( T ) . T h e d a t a of t he 3 5 C1 N Q R e x p e r i m e n t s a re 
r a t iona l i zed by p a r a m e t e r i z i n g the cu rves in Fig. 2 

a c c o r d i n g to 

v ( 3 5 Cl ) = Z a j { . 
i = - 1 

(1) 

In Table 4 o n e finds the coeff ic ients of (1) fo r t he title 
c o m p o u n d ; the re the r e s o n a n c e f r equenc ie s a t t w o 
selected t e m p e r a t u r e s , 77 K a n d 295.3 K , a r e a lso 
given. 

Discussion 

Structure and 35CI NQR 
of ( — ) ß-(trichloromethyl)-ß-propiolactone 

T h e 3 5 C1 N Q R f requenc ies d e c r e a s e s m o o t h l y wi th 
increas ing t e m p e r a t u r e T. T h i s is expec ted f r o m the 
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Table 1. Experimental conditions for the crystal structure 
determination and crystallographic data of ( — )/?-(trichloro-
methyl)-/?-propiolactone. Diffractometer: Stoe-Stadi 4; wave-
length: 71.069 pm (MoKoc); monochromator: Graphite (002); 
scan: 2 9/oj. 

Formula (Molar mass) 
Crystal size, habitus 
Colour 
Temperature/K 
Absorption 

coefficient (n /m _ 1 ) 
(Sin 9/A) / pm 
Number of measured 

reflexions 
Symmetry independent 

reflexions 
Reflexions considered 
Number of free parameters 
F (000) 
R(F) 
Ry,(F) 
Lattice constants: 

a/pm 
b/pm 
c/pm 

Volume of the unit 
cell V 1 0 ~ 6 / ( P M ) 3 

Space group 
Formula units per unit cell 
ffcalc/Mgm"3 

^ p y k n / M g m 
Point positions 

C 4 H 3 C1 3 0 2 (189.43) 
(0.15 x 0.2 x 2.5) mm3, needle 
Colourless 
294 

1232.9 
0.005385 

2571 

1820 
1748 
180 
752 
0.044 
0.039 

2416.0(10) 
975.6 (4) 
595.0 (2) 

1402.44 (4) 
P 2 1 2 1 2 1 - D * 
8 
1.794 
1.83 ( 7 = 299 K) 
All atoms in 4 a [7] 
x, y, z; j — x, y, j -I- z 

L + x A - y , z; x A + y A - z . 

d y n a m i c s of a molecu le in the la t t ice w h e r e t he l ibra-
t i ona l m o t i o n s increase w i t h inc reas ing T, a v e r a g i n g 
the E F G T a n d the reby l ower ing t he N Q R f r e q u e n -
cies, in a g r e e m e n t wi th t h e p r e d i c t i o n s of Baye r [8]. 
T h e s lope of the curves v ( 3 5C1) = / ( T ) b e h a v e s s imi la r 
for t h e six obse rved f requenc ies , a n d t h e s p r e a d of 
t h e m is n o t c h a n g i n g m u c h ; T = 11 K : vm a x — vm i n = 
576 k H z ; T = 295 K : v m a x - v m i n = 584 k H z . 

T h r e e c a r b o n - c a r b o n b o n d s a re in t h e molecu le , 
see F i g u r e 1 b. W i t h i n t h e l imits of e r r o r we f ind (all 
d i s t ances in pm) for m o l e c u l e I a n d mo lecu l e I I 
i d ( C ( 1 •-C(2))> = 151.0(9), < d ( C ( 2 ) - C ( 3 ) ) > = 152.0(10), 
a n d < d ( C ( 3 ) - C (4))> = 151 .0 (9) ; the d i s t a n c e s c a r b o n -
c a r b o n c a n be cons ide red as equal . A l so t he d i s t ances 
c a r b o n - c h l o r i n e a re t he s a m e for t he t w o crys ta l lo-
g raph ica l ly i n d e p e n d e n t molecu le s w i th t he m e a n val-
ues < d ( C ( 4 ) - C l ( l ) ) > = 175.2(6), < d ( C ( 4 ) - C l ( 2 ) ) > = 
179.4 (6), i d (C (4) - CI (3))> = 175.5 (6). T w o of t he th ree 
C - C l b o n d d is tances d o n o t differ w h e r e a s the t h i rd 
one , d ( C ( 4 ) - C l ( 2 ) ) , is s t r e t ched b y 4 p m in b o t h 
molecules , I a n d II. 

39.2 

sCl) 
MHz 

38.6 

38.3 

38.0 

37.7 

Hp--(Trichloron nethyl)-p- propiolact one 

V 2 

V 

\ 
s . 

60 110 160 210 
35r>1 \ i r\D ,, ("35 

TI K 310 

Fig. 2. 35C1 NQR spectrum, v( 
chloromethyl)-/?-propiolactone. 

C 1 ) = / ( T ) of (-)ß-(tn-

T h e d i s t ances C ( l ) - 0 ( 1 ) a re 136.5(6) a n d 138.1(8), 
respectively, a b o u t 10 p m shor te r t h a n <d (C ( 3 ) - 0 (1))) 
= 147.3(3). T h i s is u n d e r s t a n d a b l e , b e c a u s e C ( l ) is 
the c a r b o n a t o m of t he k e t o g r o u p C ( l ) = 0 ( 2 ) , 
which s h o r t e n s the d i s t ance C ( l ) - 0 ( 1 ) c o m p a r e d t o 
C ( 3 ) - 0 ( l ) . T h e d i s tances C ( l ) - 0 ( 2 ) a r e in the m e a n 
118.0 (7) p m . W h e r e a s t he molecu les I a n d II d o n o t 
differ in the b o n d l eng ths wi th in t he l imits of e r ro r , 
the re a re differences in t he b o n d ang les wh ich a r e 
cons ide rab ly a b o v e these l imits. T h i s s h o w s t h a t b o n d 
d i s t ances a re h a r d , b o n d ang les w e a k b o n d p a r a m e -
ters, see a lso Table 3. 

T h e r ing C ( l ) - C ( 2 ) - C ( 3 ) - Q ( l ) is fo r mo lecu le I 

a n d molecu le II near ly p l a n a r . We h a v e ca lcu la t ed t he 
best p l ane t h r o u g h the f o u r r ing a t o m s a n d f ind 

Molecu l e I : 

22.0975 x + 1 . 0 6 3 4 y + 2.3164 z = 12.5655; (2) 
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Table 2. Positional and thermal parameters of ( — )/J-(trichloromethyl)-/?-propiolactone, C 4 H 3 C1 3 0 2 ; the temperature factor 
is of the form 

T = exp{-2n2(Ulih2a*2 + U22k2b*2 + U33l2 c*2+ 2U12hka* b*+ 2 U13hl a* c* + 2U23klb* c*)}. 

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

Atom x/a y/b z/c U „ ( U ) u22 U 33 ul2 u 13 u23 

Molecule I 
Cl(l) 0.3878(1) 0.5585(2) 0.9714(3) 792(11) 479(10) 539(11) 67(9) 175(12) -110(10) 
CI (2) 0.3670(1) 0.4109(2) 0.5610(3) 556(9) 499(10) 481(10) - 7 0 ( 8 ) - 9 7 ( 9 ) 21(11) 
CI (3) 0.4024(1) 0.2651 (2) 0.9592(3) 936(14) 458(10) 516(11) 48(10) 79(11) 174(10) 
O ( l ) 0.4783(2) 0.5609(4) 0.6103(7) 546(25) 446(27) 457(28) -118 (24 ) 43(25) 6(26) 
0 ( 2 ) 0.5146(2) 0.5290(6) 0.2619(9) 669(33) 919(42) 411(30) 20(31) 84(28) 49(31) 
C( l ) 0.4990(2) 0.4856(8) 0.4361 (0) 426(39) 691 (52) 385(44) 7(35) 21 (36) -125(47) 
C ( 2 ) 0.4939(3) 0.3496(7) 0.5571(15) 584(44) 489(45) 552(52) 176(34) 143(43) - 2 2 ( 4 4 ) 
C(3) 0.4693(3) 0.4357(9) 0.7430(12) 534(49) 535(44) 379(45) - 1 8 ( 3 9 ) - 8 6 ( 3 5 ) -47 (43 ) 
C(4) 0.4093(2) 0.4188(6) 0.8088(10) 514(36) 328(34) 379(36) - 6 ( 3 2 ) - 4 1 ( 3 1 ) 19(34) 
H'(C2) 0.4693(20) 0.2765(56) 0.5124(116) 600 
H " (C2) 0.5265(21) 0.2956(55) 0.5946(108) 600 
H(C3) 0.4862(28) 0.4402(85) 0.8233(116) 600 
Molecule II 
Cl(l) 0.6121(1) 0.2873(2) 0.0341 (3) 536(9) 492(10) 580(11) - 4 9 ( 8 ) - 7 8 ( 1 1 ) - 9 7 ( 1 0 ) 
CI (2) 0.6516(1) 0.4131(2) 0.4426(3) 749(11) 621(11) 319(9) - 4 1 ( 1 0 ) 11(10) - 2 8 ( 1 0 ) 
CI (3) 0.6506(1) 0.5659(2) 0.0268(3) 878(12) 367(9) 634(12) 130(9) 94(12) 121(11) 
O( l ) 0.7317(2) 0.3416(5) -0 .1321(7) 619(29) 524(31) 370(26) 22(26) 117(25) 27(24) 
0 ( 2 ) 0.7627(2) 0.1313(6) -0 .2429(9) 925(42) 784(42) 808(39) 105(34) 167(37) -299(35) 
C( l ) 0.7459(3) 0.2058(8) -0.1023(13) 545(44) 468(51) 623(54) 19(37) 6(42) -104(44) 
C ( 2 ) 0.7345(3) 0.2061 (8) 0.1465(13) 586(48) 474(49) 501 (47) 182(40) 35(41) 94(40) 
C(3) 0.7195(3) 0.3568(7) 0.1097(12) 550(42) 388(42) 474(46) - 5 0 ( 3 5 ) - 5 5 ( 3 8 ) - 1 2 ( 3 6 ) 
C(4) 0.6608(2) 0.4027(6) 0.1439(10) 558(38) 331(36) 334(33) 57(34) 61 (33) 7(32) 
H'(C2) 0.7535(25) 0.1635(69) 0.2529(104) 600 
H " (C2) 0.7019(20) 0.1345(57) 0.1849(97) 600 
H(C3) 0.7419(23) 0.4171(53) 0.1694(100) 600 

Table 3. Crystal structure of ( — )/J-(trichloromethyl)-/?-propiolactone, C 4 H 3 C1 3 0 2 ; Intra- and intermolecular distances, 
(<i/pm), and angles (°). 

Atoms d/pm Atoms Angle/0 

i n i n 
Cl( l ) -C(4 ) 175.0(6) 175.3(6) Cl(l)--C(4) -C(3) 110.0(5) 113.0(4) 
Cl(2)-C(4) 179.5(6) 179.4(6) Cl(2)--C(4) -C(3) 109.7(4) 105.5(5) 
Cl(3)-C(4) 175.4(6) 175.5(6) Cl(3)--C(4) -C(3) 108.4(5) 110.4(5) 
C ( l ) - C ( 2 ) 151.5(9) 150.6(10) Cl(l)--C(4) -CI (2) 108.6(3) 108.9(3) 
C ( l ) - 0 ( 1 ) 136.5(6) 138.1(8) Cl(l)--C(4) -CI (3) 110.9(3) 109.9(3) 
C ( l ) - 0 ( 2 ) 118.1(6) 118.0(8) Cl(2)--C(4) -CI (3) 109.2(3) 109.0(3) 
C(2) -C(3) 151.1(11) 153.0(9) O ( l ) - -C(i) --0 (2 ) 126.2(7) 125.8(8) 
C(3) -C(4) 151.1(9) 150.2(9) O ( l ) - C(l>--C(2) 94.6(4) 94.5(6) 
C ( 3 ) - 0 ( l ) 147.1(7) 147.6(7) 0 ( 2 ) - C( l ) - -C(2) 139.2(7) 139.6(9) 

Cl(l') •••Cl(l") , i ) 
C ( l ) - C(2)- C(3) 83.8(8) 84.5(6) 

Cl(l') •••Cl(l") , i ) 369.3(3) C(2)- C(3)- C(4) 120.5(6) 119.4(6) 
Cl(l') • • • CI(2")(i) 362.5(3) O ( l ) - -C(3)--C(4) 111.8(6) 110.6(6) 
Cl(2') •••Cl(lI1) ( i i> 375.0(3) O ( l ) - -C(3)--C(2) 90.6(6) 89.7(5) 
CI (21) • • • CI (3")(iii) 342.3(3) C ( D - O ( l ) - -C(3) 90.9(5) 91.2(5) 
Cl(3") • • • CI (2")(iv) 372.0(3) 

90.9(5) 

Cl(3') • • • CI (3")(iii) 371.2(4) 
Cl(2') • • • O (2") ,v) 317.9(3) 
Cl(3' • • • O (21) (vii) 347.6(3) 
c i ( i I V - - o ( i I (iii) 322.3(4) 
Cl(3") " 0 ( 1 ) (vi) 360.7(4) 

1 x, 1 + y, l - z 1 - x , \ + y,\-z l - x , - I + y vii. 1 - x , y-i f - z 
iv: 1 — x, -\+y, f -z — \ •fx, \ - y , -z vi: f - x , i - y . i + z 
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Table 4: Power series expansion of v(35Cl) =f(T) for ( — )/?-(trichloromethyl)-/?-propiolactone. f (T) = X «i T'; the tem-
i = - 1 

perature range within which the least squares adjustment is valid is for v x . . . v 6 : 77 K — 323.5 K; z = Number of data; 
<r = Standard deviations. 

No 
v ( 3 5 C l ) / T \ V ( 3 5 C 1 ) / T \ 

z 
a «-1 ao a i 1 0 3 a2 • 106 

No 
MHz \ K / MHz V K / 

z 
kHz MHz • K MHz MHz - K" 1 MHz • K " 2 

V i 39.276 (77) 38.584 (295.3) 18 2.4 0.496 39.381 - 0 . 9 8 2 - 5 . 7 9 0 
V
2 39.053 (77) 38.296 (295.3) 18 2.6 0.215 39.181 - 1 . 2 0 5 - 6 . 0 1 4 

V
3 38.941 (77) 38.180 (295.3) 18 2.8 0.967 39.054 - 1 . 1 4 3 - 6 . 1 3 7 

V
4 38.933 (77) 38.200 (295.3) 18 3.6 - 1 . 5 3 9 39.116 - 1 . 7 7 3 - 4 . 3 3 8 

V
5 38.793 (77) 38.120 (295.3) 18 2.2 -1 .396 38.951 - 1 . 4 5 2 - 4 . 5 3 7 

V
6 38.700 (77) 38.000 (295.3) 18 3.1 -2 .033 38.875 - 1 . 5 5 9 - 4 . 6 3 4 

The signal to noise ratio (Lock-in technique, recorder, time constant 10 s) is 23 to 30 at 77 K and decreases to « 4 near the 
melting point of the compound. 

Fig. 3. Combined spectrum v (35C1) = f ( T ) o f ( - ) - and (±)ß-
(trichloromethyl)-/?-propiolactone. 

M o l e c u l e I I : 

22.9320 x + 2.5728 y + 1 . 0 2 4 4 z = 17.5271. (3) 

T h e dev ia t ions of t he p l a n e - a t o m s f r o m the best p l a n e 
a r e small , iS 1.3 p m (molecule I) a n d ^ 0.3 p m (mole-

cule II). T h e c a r b o n y l oxygen O (2) is s l ightly o u t of 
p lane , — 2.5 p m (molecule I) a n d 5.2 p m (molecu le II). 

O n c o m p a r i n g t he d i s t ances C - C l w i th t h e 3 5 C 1 
N Q R f requenc ies it s h o w s u p t h a t t he c rys ta l field 
effect is as s t r o n g as the b o n d r e l a t i on <Pzz = a(l/d3) 
c o n t r i b u t i o n [9] a n d a n a s s i g n m e n t of t he f r equenc ie s 
t o the six different C l -pos i t i ons is, w i t h o u t s ingle crys-
tal N Q R studies , n o t poss ible . 

Comparison of (—) ß-(trichloromethyl) -ß-propio-
lactone and (+) ß-( trichloromethyl)-ß-propiolactone 

Firs t ly we cons ide r t he m o l e c u l a r s t r u c t u r e of t he 
t w o solids. I n Table 5 we h a v e l is ted t he m e a n i n t r a -
a n d i n t e rmo lecu l a r d i s t ances a n d ang les of t he 
molecules I a n d II of t he ( —) c rys ta l t o g e t h e r w i th t he 
c o r r e s p o n d i n g d a t a of the ( ± ) crys ta l , g iven in [1]. 
W i t h i n the l imits of the e r r o r in t he s t r u c t u r e de t e rmi -
n a t i o n of the (—) c o m p o u n d t he r e is n o severe differ-
ence in the i n t r a m o l e c u l a r d i s tances . Also t he in te r -
mo lecu l a r d i s t ances s h o w n o s t r o n g differences. T h e 
dev ia t ions of the ring a t o m s f r o m the bes t p l a n e 
t h r o u g h C ( l ) - C ( 2 ) - C ( 3 ) - 0 ( 1 ) of t he ( ± ) c o m -
p o u n d a re ^ 1.4 p m (4.4 p m for 0 ( 2 ) ) . T h e p l a n e 
e q u a t i o n for the r ing a t o m s of ( ± ) / ? - t r i c h l o r o m e t h y l -
ß - p r o p i o l a c t o n e is 

7.9230 x + 3.2488 y + 1 . 8 9 6 7 z = 6 .6531. (4) 

O n the o t h e r h a n d , the c rys ta l field effect in t he 3 5 C1 
N Q R s p e c t r u m is m u c h s t r o n g e r fo r t he ( ± ) c o m -
p o u n d t h a n for the ( —) c o m p o u n d . T h i s is seen in 
F i g u r e 3. T h e overa l l sp l i t t ing of t he t r ip le t s p e c t r u m 
of the ( ± ) c o m p o u n d is by fa r l a rge r t h a n t h a t of t he 
(—) c o m p o u n d . I t is in te res t ing t o n o t e t h a t , in s imple 
a p p r o x i m a t i o n , o n e w o u l d expec t w e a k e r c rys ta l fields 
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Table 5. Comparison of intra- and intermolecules distances 
d/pm in ( — )/?-(trichloromethyl)-/J-propiolactone (molecule I 
and molecule II of the asymmetric unit) and in (±)/J-(tri-
chloromethyl)-jS-propiolactone 

Atoms ( —) 
d/pm 

I II 

( ± ) 
d/pm 

Cl(l) -C(4) 175.0(6) 175.3(6) 175.6(3) 
Cl(2) -C(4) 179.5(6) 179.4(6) 177.6(3) 
Cl(3) -C(4) 175.4(6) 175.5(6) 175.9(3) 
C ( l ) - C(2) 151.5(9) 150.6(10) 150.4(4) 
C ( l ) - O( l ) 136.5(6) 138.1(8) 138.0(3) 
C ( l ) - 0 ( 2 ) 118.1(8) 118.0(8) 117.7(3) 
C(2)- C(3) 151.1(11) 153.9(9) 152.6(4) 
C(3)- C(4) 151.1(9) 150.2(9) 151.5(3) 
C(3)- O( l ) 147.1(7) 147.6(7) 146.2(3) 

O( l ) ' ••• C(2)Ia 0 1 350.7 0 ( 2 ) • •• C(3)a 2 0 343.6 
0 ( 2 ) • • • C(2)Ib 0 2 366.4 0 ( 2 ) • " C(3)1 21 353.7 
O( l ) ••• C(3)1Ia 0 3 352.2 0 ( 2 ) • • • 0 ( 2 ) 2 2 340.7 
0 ( 2 ) • • • C(2)IIa 0 4 355.8 0 ( 2 ) - • • O ( l ) 23 324.2 
CI (2) •• • 0(2) I I a 0 5 317.9 Cl(3)- • • 0 ( 2 ) 2 4 314.5 
Cl(3) ••• 0(2) I a 0 6 347.6 CI (3) -• 0 ( 2 ) 25 355.1 
C l ( l ) " - - 0 ( l ) l a 0 7 322.3 CI (3) • 0 ( 2 ) 2 6 367.8 
Cl(2)" - - 0 ( l ) I I a 0 8 372.3 
CI (3)u • - - 0 ( l ) I I a 0 8 360.7 

Cl(l) •••Cl(l) I l a 0 9 369.3 CI (1) • '' CI (2) a 27 372.2 
Cl(l) ••• Cl(2)Ila 10 362.5 c i ( l ) - ••Cl( l ) a 2 8 367.4 
CI (2) -•- Cl(l)IIb 11 375.0 CI (2) "" CI (2) a 2 7 371.2 
Cl(2) •• • Cl(3)IIa 12 342.3 
CI (3) . . . Q ( 2 ) , , b 1 3 372.0 
CI (3) ••• Cl(3)IIa 12 371.2 

Cl(l) • • • C(2)IIb 1 4 399.8 Cl(3) ••C(l) a 2 9 380.8 
CI (2) • • • C(2) l lc 15 398.0 CI (3) " C(2)a 3 0 359.2 
CI (2) • • • C(2)IId 16 381.8 c i ( i ) - • •c (2) ; 3 0 389.0 
CI (2) •••C(l) , I c 17 397.3 c i ( l ) - ••C(l) 1 31 383.4 
CI (3) •••C(l) I l b 18 388.6 
CI (3) •••C(l) I a 19 367.4 
Cl(l) ' •••C(l) I a 1 9 398.8 
Cl(2) '• • • C(3)"a 0 3 396.4 
* 

oi. j - x , f + y, f - z 

* 

1 6 . x - i 
A 2 ' i - y . 1 —Z 

0 2 . j - x , f + y, f - z 1 7 . 1 — X , i + y . i " z 

0 3 . 3 

' 2 
- x , 1 - y , f - z 1 8 . x - i 

2 ' i - y . — z 
0 4 . 3 

' 2 
- x , - y , f - z 1 9 . 1 — X , y - i > ! - * 

° 5: X - i , I - y , - z 
2 2 y 

2 0 . 

i - y . i + z 
0 6 . j - x , y - f , f - z 21 1 — X , i + y . 
0 7 . j - x , y - f , f - z 2 2 . 1 — X , i - y , 1 — z 
0 8 . 3 - x , 1 - y , z + f 2 3 1 — X , - v - i . 
0 9 . | - x , f + y, f - z 2 4 

x, f - y . 
1 0 . t - x , f + y, f - z 2 5 

X , i - y . 
n : 1 - x , f + y , f - z 2 6 1 — X , i + y . 
12: 1 - x , y - f , f - z 2 7 2 —x, y - i . 
1 3 . J - x , y - f , f - z 28 2 —x, - y , — z 
1 4: 1 - x , f + y , f - z 2 9 x, i - y . 
15: 1 - x , f + y , f - z 3 0 x, i - y . - i 

31 
X , i - y . 

in the ( + ) c o m p o u n d t h a n in the ( —) c o m p o u n d be-
cause in the ( ± ) c o m p o u n d wi th its c e n t r o s y m m e t r i c 
space g r o u p d ipo le fields s h o u l d c o m p e n s a t e . T h e 
t e m p e r a t u r e d e p e n d e n c e of t he f requenc ies is near ly 
the s ame for b o t h solid s t a t e a r r a n g e m e n t s . 

So, we c la im t h a t the c h a n g e in the i n t e rmo lecu l a r 
d i s tances a n d the reby c h a n g e s in the v a n de r Waals 
in t e rac t ions CI • • • CI, CI • • • O , etc., a re ref lected by the 
changes in the obse rved electr ic field g r ad i en t s <PZZ [4]. 
In a f u r t h e r s tep, the a s s i g n m e n t of the 3 5 C1 N Q R 
f requenc ies to the c r y s t a l l o g r a p h i c pos i t i ons of the 
ch lor ines has to be d o n e by Z e e m a n split N Q R spec-
t roscopy . 

Final ly , we wish to m e n t i o n t h a t a lso in the i n f r a r ed 
s p e c t r u m we cou ld obse rve t he different s y m m e t r y of 
the t w o c o m p o u n d s f r o m the spl i t t ing of t he C = 0 
b a n d in the ( — ) /?- ( t r ich loromethyl ) - /? -propio lac tone 
a n d also a shift of the cen te r of grav i ty of th i s d o u b l e t 
c o m p a r e d to the C = 0 b a n d of the ( ± ) c o m p o u n d . 
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