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By single crystal 35C1-NQR Zeeman spectroscopy, the five independent 35C1 nuclear quadru-
pole coupling tensors in a-parachloral, (Cl3CCHO)3, have been studied at 24 ± 2 °C. The direc-
tions of the electric field gradient (EFG) tensor components have been determined. The principal 
axes are within ± 0.8° parallel to the C-Cl bond directions found by X-ray diffraction. Very 
small asymmetry parameters in the range 0.002 ^ rj ^ 0.046 are characteristic for the EFG 
tensors of chlorine atoms bound to carbon atoms in aliphatic systems. The five nuclear quadru-
pole coupling constants are in the range 76.752 ^ e2qQh~x/MRz ^ 78.155. The orientation of 
the principal axes 4>xx and <Pyy can be correlated to the molecular structure. 

Introduction 

Todays ma jo r method of determining the electron 
density dis t r ibut ion in solids is the combinat ion of 
X-ray d i f f rac t ion and neutron diffract ion. There-
f rom bond lengths, bond angles, density distr ibu-
tions, g(x,y,z), and other molecular parameters in 
the crystalline state are obtained. An independent 
way to suppor t a n d / o r check the results f rom the 
d i f f rac t ion exper iments is the measurement of the 
electric field gradient ( E F G ) at the site of an appro-
priate nucleus within the solid by means of nuclear 
quad rupo le resonance ( N Q R ) [1], 

The nuclear quad rupo le interaction energy is 
usually measured in M H z and expressed as 
e2 <P:: Qh~x = e2 q Q h~x. For a nuclear spin with 
spin q u an tu m n u m b e r / = 3/2, such as 35C1, 37C1, 
the resonance f requency is given by 

e 2 q Q h ' ]
 | q2 

V = I H 

2 \ 3 

where q is the asymmetry parameter 

q = (0XX - <Py V)/<Pzz; <P:z - <Pyy 0XX\; 5>// = 0. (1) 
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Zeeman-spl i t N Q R spectroscopy, in which a weak 
magnet ic field is appl ied to a single crystal, allows 
the de te rmina t ion of the three principal components 
of E F G tensor ( E F G T ) , <PXX, &vy, @zz, and their 
or ienta t ion with respect to the crystal axes [2], 

Al though the or ienta t ion of the E F G T can be, in 
principle, de te rmined by Z e e m a n N Q R spectro-
scopy of single crystals, the location of & x x and &vy 

is qui te diff icul t for small //, unless the accuracy in 
the measu remen t of angles in the Zeeman N Q R 
exper iment is considerably high. By use of a N Q R 
Z e e m a n goniometer with 47r-geometry [3] the 35C1-
N Q R Z e e m a n spec t rum of a single crystal of tri-
chloroethyl idene tr ichlorolactic ester (Chloralide), 
C 1 3 C ( ; H 0 C 0 C H Q C C 1 3 , was investigated. It was 
found that the principal axes <t>zz at the sites of the 
six crystal lographically independent chlorines are 
within ± 0 . 5 ° parallel to the C—CI bond direction 
de te rmined by X-ray dif f ract ion, and the orienta-
tions of 0XX and (Pvv were explained as due to intra-
molecular interactions [4]. In l i terature, a few more 
3 5C1-NQR Z e e m a n studies on CC13 groups have 
been reported [5 — 7], However, the discussion in 
these studies is restricted mainly to the propert ies of 
0:z. 

In s tudying derivat ives of Chloral , C l 3 CCHO, the 
35C1 N Q R spectrum of polycrystalline a-parachloral 
(cyclic t r imer of Chlora l )* , ( C l 3 C C H O ) 3 , has been 
investigated [8], T h e crystal s t ructure of this mate-
rial was reported by Hay and Mackay [9], a -para-

* a-2.4.6-tris(trichloromethyl)-1,3,5-trioxane. 
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chloral crystallizes in the o r tho rhombic space g roup 
D^h-Pnma, with Z = 4 formula units in the unit cell. 
Five 35C1-NQR lines are obta ined at t empera tures 
77 ^ F / K ^ 370, in agreement with the crystal 
structure. By spin-echo double resonance ( S E D O R ) 
experiments it was possible to sort the five 35C1-
N Q R frequencies of the a-parachloral molecule into 
two groups [8]. 

Besides a-parachloral there is an isomeric com-
pound, /?-parachloral, which forms monocl inic crys-
tals, space group C^h—P2]/c. The main difference of 
the isomeres is in the molecular structure. In a -para -
chloral the tr ioxane ring is of boat form, with con-
siderable distortion f rom a regular form, and in 
/?-parachloral the ring adopts the chair conforma-
tion. The 35C1 N Q R spectrum of /?-parachloral is 
composed of 9 lines in agreement with the crystal 
structure [9], and by S E D O R experiments the spec-
t rum has been sorted out according to the three 
CC13 groups of the molecule [8]. U p to now, no 
single crystal large enough to do 35C1 Z e e m a n split 
N Q R spectroscopy could be grown. 

In this paper we report single crystal 35C1 N Q R 
Zeeman experiments of a-parachloral . 

Experimental 

The synthesis of a-parachlora l is described else-
where [8, 10]. Af ter pur i f icat ion of the mater ia l by 
recrystallization, a single crystal of ca. ( 2 0 x 3 0 x 
10) mm 3 was grown f rom ethanolic solution by slow 
evaporat ion of the solvent at room tempera ture . 
Dominan t faces of the large pr ismat ic crystal were 
(010), (111), and (101) (see below). Single crystals of 
the compound have also been grown by Cha t t away 
and Kellett [10] f rom ethanolic solution. They 
reported that the crystal is o r tho rhombic with faces 
(001), (111), and (110). For the axial ratios they 
found 

a0:b0: c0 = 0.8801 : 1 : 1.4505. 

The X-ray work of Hay and Mackay [9] shows that 
a-parachloral crystallizes with the o r tho rhombic 
space group D ^ - P n m a and the axial ratios are 

a: b: c = 1 : 1 .4474 :0 .8813 . 

With the t ransformat ion, a0 -*• c, b0 -* a, c0 -*• b, the 
setting of Chat taway and Kellett coincides well with 
that of Hay and Mackay. Since the single crystal 

used in the present work exhibited the same form as 
reported by Chat taway and Kellett, we found that 
the well developed faces are (010), (111), and (101) 
in the crystal coordinate system a, b, c, setting 
Pnma. 

A Four ie r t ransform (FT) N Q R spectrometer was 
used for the registration of the 3 5C1-NQR spectrum 
at room tempera ture (24 + 2 °C). To de te rmine the 
or ientat ion of the E F G T s the zero splitting cone 
me thod was appl ied. 

The crystal was fixed to a nonmagnet ic goniome-
ter head , optically adjus ted on an optical two circle 
goniometer , and transfered to the 47r-Zeeman 
goniometer . In Fig. 1 the orientat ion of the crystal 
axes with respect to the laboratory coordina te sys-
tem is shown. We call the laboratory system Xc, Yc, 
Z c , which is colinear to the 47r-Zeeman goniometer 
system. The crystal was set on the goniometer head 
in such a way that b Z c . The orientat ion of the a 
and c axes in the plane (Xc, Yc) was de termined as 
shown in Figure 1. T h e principal axes system of 
E F G T is given by .x, y, z throughout this paper . 

T h e theory of N Q R Zeeman spectroscopy was 
developed by Dean [11] who solved for spin I = 3 /2 
the problem exactly. In this case, e.g., 35C1, the dif-
ferent energy levels of the nucleus under the in-
f luence of an electric field gradient and a weak 
magnet ic field are 

Em + = 3A(± 
hQ 

4k 
cos2 9 

+ (b2
m + cl + 2bm cm cos 2 tp) sin2 «9]1/2. 

Q = yB0\ C= U + — 
4 / ( 2 7 - 1 ) ' 0 S \ 3 

2 \ 1/2 

(2 a) 

(2b ) 

"52 20 
£(001] 

Fig. 1. Crystal axes system a, b, c of orthorhombic a-para-
chloral with respect to the laboratory coordinate system. 
The angle between Xc and the axis c is 52.20°. 



326 M. Hashimoto et al. • A 35C1-NQR Single Crystal Study 326 

tf,/2 = - 1 + 2T1; av2 = - i - 2 r ' ; 
^1/2 = 1 + r 1 ; ^3/2 = 1 - r 1 ; 

- c i / 2 = c3/2 = ' / r 1 ; w = 

Here 7 is the gyromagnet ic ratio of the nucleus, B0 

the appl ied magnet ic field, h Planck's constant, I the 
nuclear spin q u a n t u m number , and m the magnetic 
q u a n t u m number . 

Out of the four transitions, 
Q 

co = co0 (w, ^ m2) ± — ([m,] ± [m2]), (3) 

where [m] is given as the square root of the bracket 
in (2 a), the pair with the smaller splitting 

, ß \ 
co = co0± — ([w,]-[m2]) 

is called a-pair . Obviously, it merges at orientations 
of B0 for which [m\] = [m2]. For one E F G T , these 
special vectors B0 fo rm a cone around <t>zz, the "zero 
splitting cone" which has rotational symmetry for 
q = 0. With respect to the coordinate system Xc, Yc, 
Z c the polar and az imuthal angles for the vectors B0 

posit ioned on a zero cone are called <90 and cp0 

th roughout this paper . 
Af ter f inding 18 combinat ions of S0,cp0 for one 

of the zero splitting cones of the resonance line at 
38.379 M H z (corresponding to C1 ( I ,3 )) a prel iminary 
or ientat ion of &zz (Cl ( 1 , 3 )) has been calculated by a 
least squares procedure . Assuming that the princi-
pal r axis coincides with C - C l direction and q = 0, 
the orientat ion of the crystal axes system with 
respect to Xc, Yc, Z c , and the whole set of zero 
splitting cones for all Cl-atoms could be calculated 
f rom the known crystal data. These cones were 
checked and refined experimentally. In this way all 
five basic cones for the five crystallographically in-

equivalent Cl-a toms of one molecule and 13 symme-
try related cones were determined. Since the zero 
splitting cones reflect the symmetry elements of the 
unit cell, a precise de terminat ion of the crystal 
or ientat ion with respect to the coil system of the 
Z e e m a n goniometer could be pe r fo rmed afterwards. 

Results 

As expected f rom the crystal s tructure and the 
3 5C1-NQR powder spectrum of a-parachloral , five 
independent zero splitting cones were observed. The 
assignment of the five lines to two di f ferent CC13 

groups within a molecule, based on S E D O R experi-
ments, was conf i rmed. According to the crystal 
structure, a total of 36 3 5C1-NQR tensors could be 
observed. Since the crystal structure is centrosym-
metric, the n u m b e r reduces to 18 (the direction x, y, 
z of the N Q R tensor in the crystal is indistinguish-
able f rom direct ion x, y, z). With the method ap-
plied here, by inverting the field vector B0 into 
( - B0), one can find the two cones related by the 
inversion center. With each cone, its inverted coun-
terpart was also studied by a few combinat ions 
(Pq to improve and check the accuracy of the angles. 
The results showed that the measurements of both 
<90 and <p0 are accurate at least to ± 0 . 2 ° . 

The zero splitting cones of the 3 5C1-NQR tensors 
in a-parachlora l are shown in s tereographic projec-
tion in Figs. 2 a —2 e. F r o m the zero splitting cones 
(sets of i9q and (p0) the nuclear quadrupo le coupling 
constants, the asymmetry parameters , and the direc-
tion cosines of the 3 5C1-NQR tensors with respect to 
the crystal axes system were determined analytically. 

The results are summar ized in Tables 1 and 2. 
Tab le 1 gives the scalar parameters found f rom the 

Table 1. The 35C1-NQR frequencies, the nuclear quadrupole coupling constants e2qQh~], and 
asymmetry parameters rj of x-2,4,6-tris(trichloromethyl)-l,3,5-trioxane, (Cl3CCHO)3- Addi-
tionally, the coordinates of the CI atoms in the unit cell of the compound are listed (see also 
Figures 3, 4). 

Atom 
(35C1); 

MHz 
e2 q Qh~] (35C1)1 

MHz 
(35C1)1 

Cl(1 1) 
C1(I 2) 
CP1 3) 
Cl<2 1) 
Cl<2 2) 

0.7789(4) 
0.6287(3) 
0.8435(3) 
0.5856(3) 
0.3830(3) 

0.1020(2) 
0.0027(2) 
0.0984(2) 
0.1570(2) 
0.2500 

0.6469(3) 
0.8422(4) 
0.9441(4) 
1.2966(3) 
1.1665 (4) 

38.776(3) 
39.082(3) 
38.379(3) 
39.028(3) 
38.951 (3) 

77.525(6) 
78.155(6) 
76.752(6) 
78.050(6) 
77.902(6) 

0.0459(20) 
0.0260(30) 
0.0215(25) 
0.0204(35) 
0.0016(10) 

a At 25 °C. b At 24 ± 2 °C. 
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Fig. 2. Stereographic projections of the C l ^ NQR zero splitting cones. The curves are fitted to the experimental points 
(•). Fully drawn lines: 270° ^ cp 90°. Dotted lines: 90° ^ (p ^ 270°. The point 9 = 0° of the stereographic projection 
marks the crystal axis b and the crystal axis c is determined by .9 = 90°, cp = 52.20° (see also Figure 1). 

35C1 N Q R experiments: v(3 5Cl) at 25 °C, e2qQh~x 

(35C1) at (24 ± 2) °C, and n (35C1) at (24 ± 2) °C. In 
Table 2 the direction cosines of the three principal 
axes for each of the 35C1 E F G tensors are given with 
respect to the orthogonal crystal axes system, a, b, c. 
There, for example ( j ) in runs f rom (1 ,1) to 
(2 ,2) ; /.<>)= + 0.91954 is cos ( t f&O [100]), pV) = 
+ 0.19561 is cos [010]), etc. Addit ional ly the 
direction cosines of the corresponding C - C l bonds 
r(Q(k)_QO')) a s f o u n c j f r o m X-ray diffractions studies 
[9] are shown. Here = 0.3603 is cos (r ( C ( , ) -
Cl (1 ,1 )), [100]) etc. The small asymmetry parameters 
observed are accurate at least to = ± 0.004, see 
Table 1. The orientation of the principal axes 
can be given to ± 0.1 The directions of <PXX and 
<Pyy are reliable to ± 4 ° up to ± 30° , depending on 
the magni tude of rj. 

Discussion 

From the basic theory of nuclear electric quad ru -
pole interactions in solids, by simple a rguments one 

can show that the coupling constants e2qQh~x 

should be propor t ional to r~3, r being the bond 
distance C l w . In case of chloralide it was 
shown [4] that there is a tendency for e2qQh~x 

~ r~3. It was pointed out that the determinat ion of 
bond lengths C—CI which are known for chloral ide 
to ± 0.4 pm [12] are too inaccurate to draw quant i -
tative conclusions, part icularly about the relation: 
Bond lengths de te rmined f rom X-ray crystallogra-
phy and charge dis tr ibut ion, or, molecular and 
lattice dynamics and charge dis t r ibut ion within the 
bond. For the compound a-2,4,6-tris(trichloro-
methyl) - l ,3 ,5- t r ioxane the lengths of the bonds 
C(A) —Clw" are known to ± 1.0 pm and therefore even 
a qualitative discussion r ( C ( A ) - C l w ) ++e2qQh~1 (C l w ) 
is not possible. It is interesting to note that in tri-
chloroethyl idene trichlorolactic ester (Chloral ide) 
the 6 crystallographically inequivalent bond dis-
tances /-(C ( / c )—Clw) are between 175.8 pm and 
176.5 pm ( J m a x = 0.7 pm) [12] whereas in a-chloral 
the distances r ( C ( / , ) - C l w ) are found between 173 pm 
and 178 pm (zJmax = 5 pm) [9]. 
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As listed in Table 1, the asymmetry paramete rs q 
are very small, 0.002 ^ q ^ 0.046, which values are 
comparab le with those found for chloral ide [4], and 
those reported for other tr ichloromethyl derivat ives 
[ 5 - 7 ] , One may expect such small asymmetry 
parameters for chlorine a toms bonded to carbon 
within an al iphat ic group, such as CC13. Thus , at 
least for this group, the usual procedure in 35C1-

Table 2. Direction cosines of the three main axes of the 
EFG tensors with respect to the crystal axes a. b, c. Addi-
tionally the direction cosines of the corresponding C—CI 
bond vectors as found from the x-ray work [9] are given 
within the same coordinate system. 

Atom MU) VU) 

<pU) 
XX 

Q(l.l) ±0.91954 + 0.19561 ± 0.34087 
C10.2) ± 0.79292 + 0.48344 ± 0.37104 
C1(!,3) + 0.39587 + 0.80074 ± 0.44963 
CF2 ' " ± 0.96779 ± 0.22461 + 0.11338 
CI (2.2) 0 ± 1 0 

<pU) 
yy 

Q(l,l) + 0.16849 + 0.97983 + 0.10766 
Cl<«.2) + 0.25596 ± 0.28836 ± 0.92267 
C10.3) ± 0.51608 + 0.59889 + 0.61222 
CI (2.1) + 0.02601 ± 0.53759 ± 0.84282 
Cl(2-2) ± 0.17227 0 + 0.98505 

0 0 1 
zz 

CI'1 '" ± 0.35510 ± 0.04152 + 0.93390 
CI"'2) + 0.55311 + 0.82650 ± 0.10487 
Cid,3) ± 0.75949 + 0.00960 ± 0.65037 
CI (2.1) ± 0.25038 + 0.81270 ± 0.52613 
CI (2.2) + 0.98505 0 + 0.17228 

Qd.l) 0.3603 0.0297 - 0.9324 
CF1'2» - 0.5427 - 0.8334 0.1042 
CF1'3) 0.7576 - 0.0018 0.6527 
CI (2.1) 0.2567 - 0.8130 0.5227 
CI (2.2) - 0.9849 0 - 0.1729 

M. Hashimoto et al. • A 35C1-NQR Single Crystal Study 330 

N Q R spectroscopy, to neglect the influence of q on 
the f requency and to set e1 q Q/h = 2 v is safe in First 
approximat ion . 

To facili tate the discussion, the projection of the 
unit cell of a-parachloral onto the (100) plane is 
shown in Figure 3. Also a molecule viewed along 
the a-axis is shown in Figure 4. The number ing of 
the a toms given in this f igure is used throughout 
this paper . 

First we compare the orientat ion of the principal 
axes (pil) of the 35C1 E F G T with the corresponding 
£ W _ Q O ) bond directions. The data given in Table 2 
show that the or ientat ion of the E F G T is primarily 
de termined by the bond between CI and C. The 
angles between the bond direction and <PZZ do not 
exceed 0.8° . Since the error in the bond angles f rom 
the X-ray d i f f rac t ion data [9] is ± 0 . 7 ° , and that of 
the direction of with respect to the crystal axes 
is ± 0 . 1 ° , it is qui te safe to say that, in al iphatic 
C—CI bonds, the bond direction coincides with the 
axis <PZZ of the corresponding 35C1 E F G T . 

A comparison of bond angle £ ( C l w - C ( A : ) - C l ( / ) ) 
and £ supports this above conclusion 
(see Table 3); the d i f ference between the bond angle 

(C l w —C ( f c ) -C l ( / ) ) and the corresponding angle of 
the E F G T s ' £ is qui te small and never 
exceeds 0.7° . 

In Fig. 5 we show the orientations of the 35C1 
E F G T for the Cl-atoms bonded to C " ' " with re-
spect to the plane C ( I ) - C ( U ) - C 1 W . In Fig. 6 the 
corresponding relations for the second group CC13, 
Cl -a toms bonded to Cl ( 2 , 1 ) are given, now with 
respect to the plane C ( 2 ) - C ( 2 J ) - C 1 ^ . 

An interesting result in the present study is the 
or ientat ion of the E F G T axes <P{fl and <P{

y
j) within 

the molecule. Fo r the discussion it is convenient to 
consider the two crystallographically inequivalent 

Table 3. X-ray crystallographic bond angles (Clw—C<k)-Cl ( / )), and 35C1 EFG principal axes 
angles £ 0 : J ) in a-parachloral. 

< (<P{J). 0(J)) 
angle 

degree 
* ( C l W - C ^ - C l ^ ) 

angle 
degree 

< (<Z>ii-D. 0 ( 1 , 2 ) ) 109.18 < (C1 (1 '1)-C (1 '1)-C1 (1 ,2 )) 108.5(6) 
< ( 0 ( ! - > ) . 0 ( 1 . 3 ) ) 109.75 < (C1(1.«)_C(>.»_C10.3)) 109.6(7) 
< (0(.l2). 0 . ( ! ' 3 ) ) 110.11 < (C1 (1 '2)-C (1 '1)-C1 (1 '3)) 110.0(6) 

< ( 0 1 ? - • ) , 0 ( 2 . 2 ) ) 109.75 ^ ( c i ( 2 . i ) - c ( 2 , ' ) _ c i ( 2 - 2 ) ) 110.1(6) 
< ( 0 < f ) . 0 ( ? , ' ' ) ) 108.72 * (C1 (2 '"-C (2 '1)-C1 (2 '1 '») 108.8(6) 
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Fig. 4. Molecule of a-parachloral with the numbering of 
the atoms used throughout this paper. 

CCl 3 -groups separately. The one group, ( C ( 1 ) -
Q d . i ; i,2; 1,3)^ js - n i t s e j f asymmetric. W e consider 
the E F G tensors of the CI atoms with respect to the 
p lane de termined by ( H ( 1 ) - C ( 1 ) - C ( 1 - 1 ) ) . Fo r this 
pu rpose the orientat ion of the E F G T s and the next 

Fig. 3. Projection of the structure 
of a-parachloral along [100] on 
the plane (100). The molecule at 
the upper left corner is the one 
for which the relative coordi-
nates x/a, y/b, z/c are given in 
Table 1. 

ne ighbour ing a toms are shown in a project ion along 
the direct ion C ( 1 , 1 ) —C(1) in Figure 7. Disregarding 
the a toms C ( 2 ) and H ( 2 ) , the plane ( H ( 1 ) - C ( 1 ) - C ( , - 1 } ) 
is pseudo mi r ro r p lane with respect to C1 ( I ,1 ), Cl ( 1 '2 ) , 
and Cl ( 1 '3 ) . It can be seen f rom Fig. 7 that the orien-
tat ion of the E F G T of C 1 ( U ) and of C 1 ( U ) in First 
app rox ima t ion obeys this mir ror plane. It is the 
inf luence of the oxygen a toms 0 ( 1 ) and 0 ( 2 ) which 
de fo rms the E F G T s in such a way that 4>yy ( C l ( l j ) ) 
is or iented towards the planes ( C ( 1 ' 1 ) - O 0 ) - C l ( 1 J ) ) , 

7 = 1,2. The angles be tween the planes (Cl (1 ,1 ) — 
- C 1 ( 1 J ) ) and &yy(C\{hj)) are 15.3° ( y = l ) and 
28.8° ( j = 2), respectively. The influence of 0 ( 2 ) on 
Cl ( 1 '2 ) is somewha t weaker than that of 0 ( 1 ) on 
Cl ( 1 , 1 ) , showing up by the smaller rj and the less 
p ronounced or ienta t ion of <Pyy (C1 ( I '2)) with respect 
to the corresponding plane ( C - O - C l ) . This may be 
due to the fact that the intramolecular distance 
0 ( 2 ) - C l ( I , 2 ) is apprec iably larger (302 pm) than the 
distance 0 ( 1 ) - C 1 ( 1 J ) (292 pm). A mutua l influence 
of the Cl-a toms cannot be recognized. It should - in 
first app rox ima t ion — lead to an additionally pseudo 
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a - Parachloral, (Cl3 CCH0)3 , T =2A-°C ; 

group C ( 1 ' 1 ) -C l ( 1 ' 1 i 1 ' 2 ; 1 ' 3 ) 

a ( U ) 

plane ( C ( , , - C 1 U 1 - U ( U 1 ) ; e2 ct22 Qh"1 (35CL(1 ) = 77.525MHz ; r)!35 Cl l u l ) = 0.046 

(On 1 1 , plane): 0.12°1 plane, 0.74° in plane 

f^xx'11 .plane): 4 5 ° i 4 ° ; («J»"'11, plane ) ; - 4 5 ° i 4° 

plane (C ( 1 , -C ( l ' 1 ) -Cl | l ' 2 ) ) ; e 2 d3zzQh_1 (35Cl(1-2)) = 78.155MHz ; n ( 3 5 Cl(,'21)= 0.026 

(<t>zz'2), plane) :-0.10°l plane , 0.71° in plane 

( O ^ 2 1 , p lane): 32° ± 1 3 ° ; («D^21 .p lane) : 58°±13° 

plane (C(,) - C ( U ) -Cl"'31); e 2 0 z 2 Qh"'( 3 5 Cl ( U 1 ) = 76.752MHz; r](35 C l ( U 1 )=0 .022 

(<J>ZZ
3), plane):- 0.18° 1 plane ,0 .58° in plane 

{o'J'3 1 ,plane):-70° t 8° ; , plane) : 20°t8' ,(1.3) 

Fig. 5. Orientation of the EFGTs of the group C ( U ) -
Q T I , 1 ; 1 , 2 ; 1 , 3 ) w i t h reSpect to the plane ( C ( , ) - C ( I - " - C l ^ ) . 
The signs of the angles refer to the upper signs of the 
directions cosines in Table 2. 

threefold symmetry for the or ientat ion of <PXX and 
<Pvv of the three EFGTs , which has not been 
observed in any of the CC13 groups discussed here. 

The asymmetry paramete r of the E F G T (Cl ( 1 '3 )) 
is even smaller than that of Cl ( 1 , 2 ) . Fo r Cl ( 1 '3 ) the 
mirror symmetry is much more violated by the rela-
tively close lieing a toms C ( 2 ) and H ( 2 ) (distance 
C l ( l , 3 ) - C ( 2 ) = 351 pm, C l ( 1 ' 3 ) - H ( 2 ) = 3 1 7 p m ) . The 
inf luence of symmetry destroying a toms H ( 2 ) and 
C ( 2 ) is seen by the orientat ion of & v y . <t>yy (Cl ( 1 '3 )) is 
almost in the plane ( C ( U ) - 0 ( 2 ) - H ( 2 ) ) with a devia-
tion of 4 .4° . 

The second group, ( C ( 2 - » - C l ( 2 - 1 ; 2 J ' ; 2 ' 2 ) ) can be 
referred to the true mirror plane de te rmined by the 
a tomic plane ( H ( 2 ) - C ( 2 ) - C 1 ( 2 J ) ) . The asymmetry 

parameters are very small: 0.0204 for C l ( 2 ' 1 ; 2 ' r ) ; 
0.0016 for CT2-2). Again the angle (plane C F 2 - 1 ' -
C(2.])_o<2>, 0 r v , (Cl ( 2- 1 ))) is small 9.6°, showing the 
influence of the oxygen atom. This is seen in Fig-
ure 8. Fo r Cl ( 2 , 2 ) there is no reason for fur ther dis-
cussion of the or ientat ion of the E F G T regarding 
the very small asymmetry parameter . 

The results on a-parachloral can be compared 
with those found for Chloral ide [4], In the Chloral-
ide molecule there are two crystallographically in-
dependen t groups CC13. One of these groups, 
C ( 4 )—Cl ( 4 - 5 '6 ) , has an intramolecular nearest neigh-
bourhood very similar to the s roup CC13 in a -para-

chloral; it is the configurat ion C13C—C . Fig-
X 0 -

H 
ure 9 shows a pseudo miror plane through H ( 2 ) , C ( 4 ) , 
C ( 5 ) . Again the orientation of two of the 35C1 E F G T , 
E F G T V l ( 4 ) ) and E F G T (Cl (6 )), is almost reflected 
by the pseudo mir ror plane, and the influence of 
the ne ighbour ing oxygen results in a similar way as 

a - Parachloral. (Cl3 CCH0)3 , T ; 

group C(2J)_a(2.1;2.1. 2,2) 

C l (2 ,n 

C1(2.1) _ W 

0 . 3 7 ° - — 
h(2) 

J e u ) 
-0.17° W 

I — » 0 . 0 4 ° 
\ 0<2'> 

C((2,2) s - l 0 00° 

plane (C< 2 '-C1 2 , 1 '-Cl'2 , 1 '); e20z zQh"1(3 5Cl'2 '1 ') = 78.050MHz ; n ( 3 5 c i l 2 ' 1 > ) = 0.020 

(<t>z
2,11,plane) :-0.17°l p lane , 0.37° in plane 

(«& 1 1 , p lane ) 50° t 7 ° ; (<t>|2'", p l a n e ) : 40° i 7° 

plane IC12' -C12'" - Cl12,21); e 2 OzzQh"1(35Cl12,21) = 77.902MHz ; n(3 5ci f 2 '2») = 0.002 

(<J>ZZ
2), plane) :0 .00°1 plane, 0.04° in plane 

(0 1 2
x - 2 l ,p lane) :9O o t3O o ; (et)'2'21, plane): 0° +30 ° 

Fig. 6. Orientation of the EFGTs of the group C ( 2 , 2 ) -
QT2.1:2. l';2,2) w j t h r e s p e c t t 0 t h e p ] a n e (C(2)_C(2,2)_C10)). 
The signs of the angles refer to the upper signs of the 
direction cosines in Table 2. 



Fig. 10. Orientation of the EFGTs of Cl(1>, Cl<2>, and Cl(3) 

in Chloralide with respect to the next neighbouring atoms. 
The EFGTs are drawn as projection of threedimensional 
ellipsoids in a similar way as usually done for thermal 
ellipsoids in X-ray crystallography. The projection is along 
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Fig. 8. Orientation of the EFGTs of CI'2'1), CI*2-1'», and 
q(2,2) jn a-parachloral with respect to the next neighbour-
ing atoms. The EFGTs are drawn as projection of three-
dimensional ellipsoids in a similar way as usually done for 
thermal ellipsoids in X-ray crystallography. The projection 
is along C<2">-C<2). 

Fig. 7. Orientation of the electric field gradient tensors 
(EFGT) of C1(IJ>, Cl('-2>, and CI*1-3» in a-parachloral with 
respect to the next neighbouring atoms. The EFGTs are 
drawn as projection of threedimensional ellipsoids in a 
similar way as usually done for thermal ellipsoids in 
X-ray crystallography. The projection is along C(1'0—C(1). 

Fig. 9. Orientation of the EFGTs of Cl(4), Cl (5\ and Cl(6> in 
Chloralide with respect to the next neighbouring atoms. 
The EFGTs are drawn as projection of threedimensional 
ellipsoids in a similar way as usually done for thermal 
ellipsoids in X-ray crystallography. The projection is along 
C ( 4 ' -C ( 5 ) . 

in a -parachlora l for the a toms Cl (1 ,1 ) and C1 ( U ) : 
£ (plane (Cl ( 4 >-C ( 4 >-0 ( 3 >) , 0^(C1 ( 4 >)) = 27.9°; 
* (plane (Cl<6>-C(4>-0<2>), &y y (Cl<6))) - 5 .6° . 

The second g roup CC13 of the Chloral ide mole-
cule has a d i f fe ren t intramolecular configuration. It 
is shown in F igure 10. N o pseudo mirror plane 
exists for the g r o u p C ( 1 ) -C1 ( 1 , 2 , 3 ) . It is found that 
(pyy (Cl (2 )) is or iented along a mean plane through 

Cl ( 2 ) , C ( 2 ) , C ( 3 ) , and 0 ( 1 ) , forming an angle of ~ 3° 
with this plane. 
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