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Crystal Structure of the Carbon Tetrabromide p-Xylene Complex
Trederick J. Stl,"ie*:,erJr and David H. Templeton
.fDepartmenﬁ of'Chemistry'and.Lawrehce R&diatioh.LaBbratdr&‘

University of California, Berkeley, California

~According to an x-ray diffraction study, crystals of the compound

of carbon tetrabromide with p-xXylene are orthorhombic, space group

A
)

With four molecules per cell, the density -is calculated as 2.209 gvcm_3°

. Bach aromatic ring has a bromine atom on each fece at a distance of

S 3.34 A from the center of the riﬁgn ﬁalf of the‘brominelatoms are
.involved]in this interaction”which is described as the‘dOner—acceptor
’type; The’structure consists of Zig-zag strings of alterﬁate'carbon

iteﬁrabromide and. xylene molecules. Bond distances and angles within

these molecules are normal.

Work done under the auspices of the U. S. Atomic Energy'CommisSion.

Present address: Texas.Instruments Inc., P. O._Boxv5h74, Dallas,

Texas.
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INTRODUCTTON

Several compounds of\halogenated methanes with benzene and various

1-3

methyl benzenes>havebbeén feported. B ‘Kapustinskii and'qukiqg éttributed
this compound formation to interactions of the TPelectrons_éf 5enzene with
halogeﬁ atoms, but no direct structural igformation has been available. We
have determinéd thé érystal structure of the p-xylene carbon tetrabromide
compound with results which are consistenﬁ with such»ﬂ;eléctron.interactions.

This compouhd was chosen for study because the relatively'high'meltihg point

(53°C) permitted work by conventional techniques at room temperature.

- EXPERIMENTAL

Crystals of-cBru-CHBC6HuCH were prepared by mixing a slight excess

3
of 99.85% pure p-xylene with'EastmanICarbon‘tetrabromide. The mixture was
warmed anq‘ﬁhen alloyed to cool. The desired compound grew as thiﬁ; fl%tq
square platelets.f The crystals,vwhich havé a‘highzvapor pressur¢,1were )
preserved by being kept ih contact with the mother liquor. A platelgt was
cut into small reétangular needles which were séaied.in small glass capil-
laries for x-<ray examination. Aftér several attempts; one crystal was aligned
about a [110] axis. Rotation,and Welssenberg photographs (layefs Zero through
five) were recordéd by multiple-film techniQuesu Upon analysisnof:the data
it was deéided that they were inaccurate because of ébsorption. The irregulqr
shape of the crystal made it difficult to correct for this absofptidn effect.
To‘overcome this problem, one of the large platelet crystalsiWas
melted, and the liquid was sealed in a capillary, 0.3 mm in diameter. It
crystallized immediately as a powder. The capilléry was mounted on a Weissen—

berg goniometer head and placed on the stage of a polarizing micféscope. A

stream of warm air was passed over the capillary to melt the material at one end.
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The temperature of the air stream was éradually reduced .and after several
attempts a satisfactory single cylindrical crystal was.grown. The b axis
of the.crystalfwaé‘within a few:degrees of being parallel to the capillary
axis. This crystal was meunted.odLﬁhe Weissenberg,camere and.lined up .on
the b axis' by means of oscillation phofografhs. A rotation pattern, multiple-
film Weissenberg exposuresffofﬁla&ers'zero~throughhfive, and a zero-layer
single-film'quartz-calibfated Weissenberg photograph were taken using Cu K& -
radiation (A _ 1.5418 A4). |

Unit cell dimensions were derived from the quartz-calibrated‘Zero- .
layer Weissenberg photographs with rotation about the [110] and [010] direc-
tiohs.

lInﬁensities;were-estimated visually’by,compariéon'with a .standard
film.’ For the first crystal, 481 1ndependent reflectlons were: observed and
157.others were recorded as too weak to be observed. For the second crystal
298 independent reflections Qere'measured and 195 were-recorded as too weak
to be measured. In each case ‘the usual corrections for  Lorentz, polarization
and velocity.effecté were made.,;In,additien,,the data.from,the eecond crystal
werevcorfectedifor absorption by-the method of Bond:,)+ assuming a perfect

cylinder with pr = 2.28.

UNIT CELL AND SPACE GROUP

The first éet of ﬁictures-(ébout the [110] orthorhombic axis) at first

glance appeéred fo show ﬁonocliﬁic symmetry, with‘unit celi dimehéiohs of
= 6.145, b = 17 465, c = 6 145 A and. B 920h8'. However; cleeer»inspeetion
of the pictures showed that the a and c axes of the prlmltlve monoclinic cell

were the face diagonals of a C-centered orthorhomblc cell Wlth dimensions:
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a = 8,48

1+

0.03 A

I+

8.89.

e
I

*0;@3'\

c ;17,u6yi:0-55r

By using these cell‘dimensions_énd'thé,molecular volumes of liquid p-xylene. .
and solid cérbon tetrabromide it is calculated that .there are_B.G_molecﬁles
prer unit-cell. This inaicates that'théré are four moleculés:perfunithel;,_
since the vqlume of the so0lid compound would tené to be smaller than‘fhat:ofv
the.separate»qonstituents.v'The calculated,dénsity for four moleculeg per

" cell is 2.209 gVCm-E. | | |

The systematic absences (hk{ absent 'if h+k is odd, hO{ absent if'e

~is o0dd) correspond to the probable space groups Cmcm (D%Z); Cchl;(Céi), and
CQcmi(Cés):»’The higher symmetry group, Cmecm, is chosen on the basis that it

leads to a structure in good agreement with the data. ..

-~ .. DETERMINATION OF THE STRUCTURE . -

A1l structure fécfor'éalculationS'wérg maaevwith the atomic scattering
factors of Thomas.énd Uméda5 for broﬁine, of.Hoerni'and,ibérs6 fOr-carbon}
and the Tnternationale Tabélien7 for hydrogen. Intensityzcorrectibnsfandn
least-squares refinements were done with the IRM-650 cdmputer‘with the
INCOR and LS-IT prqgrams;8 Fourier calculations were made with the IBM-701
computer and a program written by Jones and quge.9 |
‘Tﬁe structure was found by first assﬁﬁiﬁg space group Cmem. mThe
‘unit cell contains four molecules of CBru. In space group Cgcm, the oyly
positiong available fof four molecules are at centers oflsymmetry or at

intersections of two mirror planes. Since -carbon tetrabromide is tetra-

hedral, it cannot be at a center of symmetry. Thus this carbon atom,
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deeignated as CB,,is.placed in positions:.
'k (c):%(0, ¥, 1/H) +C.

The bromine atoms can then only be placed on‘the-mirror-planes-in:theftwo

sets of positions:

Bry in. 8 (£): (0, v, 23 O, ¥, % - z) + C.

- - 1
Br, in 8 (g): *(x, ¥y, 5 % ¥» § L) + c.

A ‘three dimensional PatterSon synthesis based on the first set of
data1Showed.peaks correspondingﬂto‘bromine atoms at 0.00, 0.20, 0.16 and
0. 19, 0.4, 0.25 and a carbon atom at 0.00, 0.325, 0.25. The signs of:

{

the structure- factors calculated with only- the carbon tetrabromlde molecule
as a;trial structure were attached to'the observed structure;factors, and
a. three dlmens1onal electron den51ty synthesis was computed From this,
.the - xylene molecule was determlned to be- perpendicular to-the yz plane
- with its center at the orlgln (2/m) For this arrangement the other |

vcarbon atoms must be distributed in two more sets of 8(f)(atoms C5 and 06)'

and_in one general ‘set,

‘Cu:in 16(h): t(x,,y, 25 X, <Y, <Z3 X, y,'%v- z;
| X, -y5.%|+ z) + C.

If the.symmetry is assumed .to be Cmc2 or C2cm, the Patterson
.functlon requires- that there be at most only a small deviation from the
‘above structure for the bromine atoms. The electron density function shows
that the xylene molecule aleo conforms at'least;nearly to.the higher symmetry:

~

Therefore -the lower symmetry groups were not considered. further.

>
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Several cycles of least squares'refinement were. run based‘oﬁ?théﬂﬁdﬁ”
structure determined as descrlbed above. The unrellability index
= (=]F [ - |F, 1{)/(2]F D) didvnot fall below 0.20.

4 Further -least squares reflnements were made w1th the-second set of
data, corrected for absorption. After 15 cycles, R was 0.147. uThe atomlc
parameters listed in Table I were obtained. » |

Since -this structure-apoeared to be correct, But the;agreement was
not as good as desired, hydrogen atoms were introduced into the calcplations.
They were located by assuming a. C-H bond length of 1.08 A and,normal.bondg

angles. This places them in positions,

H? andeS”in 16(h)

RO R

The . symmetry and bond geometry permlt two ch01ces of orlentatlon of the methyl
group. This orlentatlon was determlned from an electron dens1ty dlfference
synthesiS'(F —F synthe51s) Seven additional least squares cycles were raﬁ
with hydrogen atoms 1ncluded but thelr parameters not allowed to change ?ﬁt
the end, R was 0.155. The final assumed coordinates of hydrogen are llsted
in Table II. The final parameters and their standard dev1atlons are given

in Table III. In Table IV are compared the observed and calculated structure

factors.

~ . DISCUSSION .
The dimensions of the carbon, tetrabromide and xylene molecules are

normal, although the high thermal motion and high scattering power offbromine

brevent high accuracy in the carbon coordinates.. The carbon tetrabromide is

tetrahedral within the accuracy of the data. With a correction B(Bi-BJ.)/l6rrr2

= 0.02 A for thermal motion,lo the average C-Br bond distance is 1.9% £ 0.01 A,
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- in agreement w1th the value 1. 9&2 0.003 A determined by electron .diffrac-

tion}12 The-bond'distances%l.ho._ 0.0l and. 1.50 % 0.01 A determined for

p-Xylene by elebtr_on_d_.;‘Lffr’actionl5 are. in better agreement with our results-

“than we-could expect. ‘Bond angles in.the xylene molecule deviate by up:to

4° from the expected,_lEOO values, but these deviations are not experimentally

51gn1flcant

The most 1nterest1ng feature of the structure is the packing arrange-

-ment of the molecules (Flg l) Half of the bromine atoms (Br ) are each

directed toward the center of a:.benzene ring and are at a d1stance 3. 5& A

. from thatlcenterf' Each benzene ring;has-such'a:bromine'atom,on each side
with the result that zig-zag strings of molecules run parallel to the c axis.
.There-is novevidenoefof bonding from'one'string_to anotheér. This arrangement

-1s suggestive of interaction of the bromine atoms w1th the 7-electrons of the

ring, and. it is reasonable to class1fy this as a donor-acceptor complex. Many
' 1
examples of tHis general type-have been .reported. * .0f those of known crystal

structure,. the benzene-bromlne compound (C6H6 “Br ) is most analogous +to our

1
~crystal. 2 ~In both compounds,. each aromatic ring. has a bromine atom on each

.side. The.line.joining,these-tuo neighbors -is very nearly perpendicular to

the plane of the ring and passes through its center. The distances from

‘bromine atoms to the centers of the rings are=practically the same), 3,36 A

-~ in the benzene compound and. 3 34 A in the xylene compound.

. The greater stablllty of crystals of the p-xylene complex. relative -
to . those of o-xylene and .m-xylene can be used to separate_these,isomers;
It seems‘unlikely that the pOsitions of the methyl groups can have‘muoh

effect on. the donor-acceptor 1nteractlon, and . therefore ‘the difference . in =

'stablllty probably is to be attrlbuted to the nonexistence.of as good a

packing arrangement of the less.symmetrical.isomers;in the crystal.l



-8- UCRL-9955

ACKNOWLEDGMENTS
-We thank Dr. Clark Egan of the California Research Corporation for
calling this'problemvto our -attention, for supplying the~feagents,-and for
' communigating some preliminary information on cell dimensions obtained by‘__

Dr. Robert Barieau.

- REFERENCES
1. A.F. Kapustinskii and 8. I. Drakin, Izvest. Akad. Nauk S.S5.S.R.,
Otdel. Khim. Nauk 1947, 435. | |
2. A. F. Kapustihskii_and S. I. Drakin, Izvest, Akad. Nauk.S.S{SJR@,
Otdel. Khim. Nauk 1950, 233. | -
5h.‘c. J. Egen and R. V. Luthy, Ind Eng Chem. u7, 250 (1955)
L.  W. L. Bond, Acta Cryst. 12, 375 (1959)
5. L. H. Thomas and K. Umeda, J. cpgm. Phys . g§,>295 (1957).
6. J. A. Hoerni and J. A. Ibers}‘Aqta;nyst.‘Z,'7&%.(195&).

7. Internationale Tabellen zur Bestimmung von Kristallstrukturen

(Gebruder Borntraeger, Berlin, 1955),_vol. 2, p. 571.

8. M. E. Senko Acta Cryst. 10, 385 (1957)

9. R. P. Dodge, Ph. D. Dlssertatlon Unlver51ty of Callfornla,
Berkeley, 19587

| 10. This cofrégtion attributes the diffeyence in temﬁerature parameters

~ between Bf andACB‘tovrotational oscillation of the molecgle (D. W. J: Cruick-
shank, private communication, 1961).

11. This average is nearly independent of the carbpnvcoofdinatgrand‘
therefore is more accurate than the individual bond lengths. o

. 12. C. Finbak, 0. Hassel, and 0. J. Olaussen, Tids. Kjemi Bergvesen 3,

13 (1943).



13.
1k,

15..

 -O- | . UCRL-9955 -

REFERENCES *(Cont)

P. L. F. Jones, Trans. Faraday Soc. 31, 1036 (1935). -

L. J. Andrews,'Chem..Révs.IQE;;715.(1954)-V

0. Hassel and K. 0. Stromme, Acta Chem. Scand. 12, 1146 (1958).



-10- o UCRL-9955

v Table I. Atomic parameters dbtainéd by using only carbon and

ermine atoméi ETERTE ’ S L
Atom x z z B, A°
Bry ‘ 0 .~ 0.20k0 0.1607 | 7.2
Br,, o 0.1841 0.4497 vy an
Cy o 0 o 0.3%2 | 1/k4 . 6.4
cy 0.139 0.931 0.020 5.0
C - 0 ' 0486u:f o o.on8 L.6
Cg | 0 : 0.735 0.0 6.2
Table II. Parameters assumed”for hjdrogen.ih final calculation.

_ 2
Atom ' X hA z B, A
H, 0.248 1 0.880 o.ob1 5.9
Hg ' 0.106 0.667 0.077 5.9
H ' o | 0.759 ©0.1k7 - 5.9
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Teble III. Final atomic parameters snd standard deviations.

x Y z B, A oy oy o,
o : b;eoah 0.1608 7.6 - 0.0005 b.dooe
0.1840 | 014506 | »17& 76 10.0005  0.0005 -
o . 0.551,j Al/n - 5?5 o v . 0'006( ' _
0.1%9 aéy idamﬁ'_5ﬁ : © 0.003 »_amﬁ,“lmmn
0 ' Q.872". ~0.0b97 5.0 | . | b.ooﬁ”f_ 10.001
0 : b.75é 0.0970 7.k : - o,ob5 0.002
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Observed and calculated structure factors. In

of h-and k are given in the headings.
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The values

An asterisk (%) indicates

the observational limit for a structure factor too small to be

observed.
H=0
.816
118 154
17% ~14
1087 117
162 -185
111 .-139
44 =55
14 2
19%., =7
15%° 14
H=2 .. :
=132 7146
T 57 56
214 =256
186 214
H=1
32 35
126 133
87 91
79 =81
156 170
130 139
76 -68
67 =59
56 =56
21 13
97 93
17# =15
35 -=34-
18% 16
22 -9
16 ~20
- 19 15
13, 11
13 -3
11% -4
H=3
164 175

10
12

14

16
18

20

bt

BN OV PEWN

N = e = e bt et ) e
OV NV PWN-O

NO®O PN O

H=2
98
33
29
23%
39
19
13%

H=4
125
61
89
69
33
53
41

H=3
83
174
28
81
141
83
100
53
23
75
48
51
25
30
26
11
16
13#
11%
10%

-116
-19

17

23
-40
24
-2

135
-64
-102

-38

-54"

33

~-82
-186
-26

160
~-94
-108
59
-17
-91
37
51
-16
=29
-24
16
15

-8
19

-52

CxE~NOU &WwN -

—
- O

12
13
14
15
16
17

WN O

22% =2
19% -15
112
11# 6
H=6 -
1277 2144
67 —66
25 18
23% 5
28 24
52. =50
33 ° 38
18% -15
13% -2
11 =2
H=5
96 -97
69 67
38 33
93 -88
42 - 50
T4 73
18 -23
63 =59
35 -34
28 21
39 44
15 =22
20 =23
1% 17
15% -5
13% —-14
12% 4
H=7
35 34
21 -28
17# 2
17% 4

=

oo BN O

~NOUV PN O

0 O\< II-\ N O

H=8 -
21%
32

38
43
31

13%

Cll#

H=10
S 20
17
13%
103%
el

H=7
12
38
17%
25
16%
15%
15%
‘18
13%
12%
11%
10%

H=9
14
14
14%
133
13%
13 %
12%#
123

16
22
-31
38
“19

14
-10
-2
-

10
37

-16
-5
-9
18
-5
-3
13

-9
-7

14
-3
-7



@ NyoVMwN =0

CENOWM P WN=O

H=0
112 -112
315 305
259 252
213 -208
107 -98
101 132
87 18
14% =13
15 6
15 -3
15% 21
28 -33
24 =31
35 41
19 26
19 -24
8 -9
9% 3
H=2 -
282 -309
165 -148
169 156
70 54
36 39
26 -19
13% 3
47 -42
H=1
145 -163
33 33
99 85
77 65
39 43
95 -104
74 =13
104 119
20 9
27 12
54 68
21 -12
43 -38
13% 2
10 7
22 18
9 10
14 =15
13 -9
9% 8
7% =4
H=13

_ooaNO\nb\»NJa‘

=13-

H=2
37 -45
90 89
52 53
73 -78
38 -36
12 23
15% =5
14% 6
11% 2
11 2
10% 2

9% -7

H=4
144 ~-142
45 =51
39 31
13% -2
32 36
58 56
61 ~64
44 =30
14% =2
15% -16

.43 32
11 13
32 -35
18 =20

H=3
140 157
59 =54
85 -97
100 112
12% 12
124 -134
28 =27
65 64
52 58 -
13% 5
67 =79
13 2
10 23
13% -16

9 -19
20 23
14 =15
T* -6

5% 3

H=5
87 -97
29 -15
50 48

14

15
16

17 -

18

20

PUNHOOUTNOVHEWVLWNFO

15~

16
17
18

PWMN O

-18

24

-2
21

CO®NOVEWNFO

© NV EWN O

p—

H=8
42

27
18

13%,
13%#

12%

10
11%
18
15
15

6%

H=10

9%
g
T

7%

T#

4%



VONOUWH LN

10
11
12
13
14
15
16
17

FVWN~O

VOOV PWN RO

H=0

59
81
22
25
12
12#
48 -

33
64
23
50

12%
12%
11
9 *
93
6%

H=2
22
10%
11#
90
67

- H=1

50
30
40
30
61
25
79

20
32
29
23
33
21#
20%
19
17%
15#
13%

19

95
-64

72
-40
=57

36
-66

=23

79
15
-15
-18
-33
25
29
-2

12
-13
2

10

12

13

14

15
16
17

19
20

~NouwvwpsrwLNEO

VXNV FWLWN=O -

C oI Wm

-14-

K=4
H=2
139 -158
43 54
103 103
13% =17
33 =31
14% 8
17 -12°
1% 11
13% =7
16 7
20 25
12 =13
20 =23
9% 3
8# 8
6% =2
H=4
13% 26
48 49
13% ~13
13% 13
44 28
60 =75
- 28 25’
<29 31
K=5
H=3
74 74
77 70
34 =29
85  -76
33 =~35
57 57
52 67
58 ~72
22% =5
16 28
27 =23
27 -33
30 24
31 19
18% 2
17 -16
16 -11

VOO PN O

H=4
14%
14%
14%

13%
Tl2w

11%
Q¥

14
6%
54

H=6
32
56
22
24
14%

13% °
13% |

13%
© 16
18

20

H=5
42
49
23
37
16
37
30

21%
30
10
14
13
17+
15%

20%
20%

23

-=19

-19

-4

24
-5
=23

-32

13
14
15
16

—

O~NOV S WN-O

OCVX~NCWMPWLNHO

LN O

O~ PN

H=6

7

14
8%
7%
6%

H=8
12%
14
11%
21
11
23
10
24
Q3
Cox
o

H=10
63

6%
4%
3%

H=7
20%
19%
19

19%

22
183
17%

H=9
13%
11
11%
113
11%
11%

9%
9%
6%

11
16
-2

-2

-2
-3

19
-12
-24

22
=3
-5

-2
-2
-2

-14
-5
=15

-5
-4

-4
-5
-5

-5
-2

[a



-15-

UCRL-9955

Table V. Interatomic distances and standard deviations.

Br.-1Br, 3.1l

2Br, = 3.12

re, '1.93

2 ¢, . ‘ 3¥6€
2c, . 357
1cg. 3

ice. - 315
Br.- 2 Br, ;.

1Br, - 3.10

1¢, o ‘_ 1;8é.

C, - 2Br, - 1.93

2B, 1.8

C with each C
5 5

Not cofrected-for=thermal motibn;

T

312

!

I+

-

T R S S &

I+

CH

0.0l A

0.

0

0

0.02

O.

Distance®

e
02
.03
05
.ol
.03 .
o
.01

02

02

bonded to methyl,.C6.

o1

_Atoms

IR

1.h40

Distance

3.66

57

1.39
3.55
3

5. 73

1.39
~1.50

1.50

A

P Fo N O

+

.

0.03 A
0.03
O;Oh.
0.05'b

0.04

10.03

0.03
0.05

0.05

@ Cé”ié'in CBru.'_Each xylene molecule cbntains four -atoms Cu'anditwo‘atOms
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Fig. 1. Crystal structure of carbon tetrabromide p-xXylene.
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