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60 ° ~ ~ 1 2 0 ° ;  0 ° ~ f l  ~ 5 4  ° or 136 ° ~ f l ~ 1 8 0 ° ;  
51 ° ~ ?  ~ 129°; 

120 ° > ~' > 60°; 180 ° > fl' > 136 ° or 54 ° > fl' > 0°; 
129 ° > ? ' / > 5 1  ° . 

These ranges m a y  be compared with the  angles found 
of 74 ° , 33 ° , 62 ° , and  116 ° , 136 ° , 57 ° , respectively.  

The values for the  measured s t ructure  factors were 
derived from the  intensit ies in the  usual  way, applying 
Waser 's  (1951) Lorentz and  polar izat ion correction in 
the  zero layer  measured wi th  the  precession camera, 
and  the  Tunel l  (1939) ro ta t ion  factor  for the  upper- 
layer  equi- incl inat ion Weissenberg intensities.  The cal- 
culated s t ructure  factors are based on the  a tomic  co- 
ordinates given in Table 2. The least-squares and  
s t ructure-factor  calculations were carried out  on In- 
t e rna t iona l  Business Machines. A Pa t t e r son  series was 
computed  on Whir lwind* (the Massachusetts  Ins t i t u t e  
of Technology high-speed digital  computer)  and  the  
Fourier  series were summed, with the  aid of Beevers-  
Lipson strips, a t  intervals  of a/60, b/30 and c/30. The 
positions of the  contour  lines were obta ined  from the  
summat ion  totals  by  careful in te rpola t ion  on a scale 
of 5 cm. and  6 cm. to 1 J~, in  directions paral lel  wi th  
each axis. 

We would like to t h a n k  J .  Ka lna j s  for prepar ing 
the  crystals and  Prof. A. yon  Hippel  for his in teres t  
and  support .  

* Availability of Digital Computer Laboratory time for this 
problem was made possible by the Office of Naval Research. 
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The Crystal Structure of Di-p-Tolyl Selenide* 

BY W. I~. BLACKMORE t AND S. C. ABRAttA~IS:~ 
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(Received 9 February 1955) 

Di-p-tolyl selenide forms orthorhombie crystals, space group P212121, with a unit  cell of constants 
a ---- 25.12, b ---- 7.99 and c ----5.88 /~, containing four molecules. The crystal structure has been 
determined, and the 45 positional parameters refined by double-Fourier-series and least-squares 
methods, employing 401 terms. The intensities were measured visually by two observers. The Se-C 
distance is 1.93 A and the C-Se--C valence angle is 106 °. The normals to the two aromatic rings 
form an angle of 55 ° with each other. 

Introduct ion 

A series of invest igat ions on the  crystal  s tructures of 
organo-selenium compounds have been repor ted  by 

* Sponsored by the Office of Naval Research, The Army 
Signal Corps and the Air Force under ONR Contract N5ori- 
07801; based in part on a thesis (by W. R. B.), submitted in 
partial fulfillment of the requirements for the degree of Doctor 

McCullough and his co-workers, and  their  results are 
summarized in Table 1. The present  crystal  has been 

of Philosophy in Physical Chemistry at the Massachusetts 
Institute of Technology. 

t Present address: Central Research Laboratory, Canadian 
Industries (1954) Ltd, McMasterville, Quebec, Canada. 

:~ Present address: Chemistry Department, The Univer- 
sity, Glasgow W. 2., Scotland. 
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Table 1. Values of the Se-C bond distance and the Se valency angle 

Molecule Se-C distance (A) C - S e X  angle (°) Reference 
Di-p-tolyl selenium dichloride 1.93 ± 0.03 106.5 ± 1 McCullough & Marsh (1950) 
Di-p-tolyl selenium dibromide 1.95-t- 0.03 108 ± 1 McCullough & Marsh (1950) 
Diphenyl diselenide 1.93 ± 0.05 104-6, 107.5 ± 2 Marsh (1952) 
~v,p'-Diehlorodiphenyl diselenide 1.86±0.04 101.7, 100.2± 1 Marsh, Kruse & McCullough (1953) 
Benzeneseleninic acid 1.903±0.021 99-0, 98.5±0.9 Bryden & MeCullough (1954) 

studied to examine further the bond distribution in 
divalent selenium as well as to determine whether the 
selenium-carbon distance changes from the above 
values when the selenium atom is linked directly only 
to two aromatic rings. 

Crystal data 

Di-lv-tolyl selenide, (p-CH3. CeH4)2Se; m.p. 69.5 ° C. ; 
Dm~. = 1"45 g.cm. -3 (measured by  flotation in 
aqueous ZnC12 solution); D~ic. = 1.47 g.cm.-3; ortho- 
rhombic with 

a=25-12+0.02, b=7.99+0.02 and c=5 .88±0-02 / l ;  

absent spectra: (h00) only when h -- 2 n + l ,  (0k0) only 
when k -- 2 n + l  and (00/) only when 1 = 2 n + l .  The 
space group is uniquely P212121. There are four mole- 
cules per unit  cell. 17o molecular symmetry  is required. 
The absorption coefficient for Mo Kc~ radiation (/t -- 
0-7107 A) is 33.5 cm. -1, and for Cu Kc~ (,1. = 1.5418 A) 
is 42-0 cm.-L The volume of the unit cell is 1180.1/ l  3. 
The total  number of electrons per unit  cell, F(0, 0, 0), 
is 528. 

Analysis of the structure 

The great similarity between the cell dimensions of this 
crystal and those of di-p-tolyl telluride (Blackmore & 
Abrahams, 1955a), together with the space-group 
identity,  suggested the possibility of isomorphism in 
the two crystals. The general similarity in the corre- 
sponding intensities strengthened this chance. Ac- 
cordingly, structure factors were computed with atomic 
positions in the present crystal being identical with an 
almost refined set of coordinates for the telluride 
structure. The temperature factor B in the expression 
exp { - B  [(sin 0)/2.]9.} was found by  Wilson's (1942) 
method to be 4.0 A 2. The agreement factor R~ between 
the observed and calculated structure factors thus 
obtained was about 0.55 in both the (hkO) and (hOl) 
layers. 

Three Fourier series in the (hO1) layer based upon 
this trial model led to no further changing of structure- 
factor signs, and the final electron-density map is 
shown in Fig. l(a). At  this stage, Rl(hO1 ) = 0.20. Five 
least-squares cycles then further reduced R 1 to 0.150, 
and this value remained stat ionary when a sixth cycle 
was performed. The process of refinement was then 
taken as having converged. As was the case with 
di-p-tolyl telluride (Blackmore & Abrahams, 1955a), 
the off-diagonal terms were omitted in applying the 

method of least squares, and all observations were 
given a weight of unity,  except for F(020) and F(210), 
which appeared to suffer from extinction. These 
planes were given zero weight. 

In  the (hk0) layer, four Fourier series led to the 
projection in Fig. l(b). Preparatory to the application 
of the method of least squares, it  was observed tha t  
the scale factor was not constant, but  varied with b. 
The scale factor was taken as Fo = A.F'o, where 

t t 9. A = ~ ,  IFcFo[-.~,[Fo[. When the expression D = 
hk hk 

(1/n)X(]Fc]-]Fol) (where the sum is over all h as- 
sociated with a constant /~, and n is the number of 
F o with this index b) was examined, it  was found tha t  
D steadily increased for b > 6. Thus for/¢ ~< 6, D was 
close to unity,  but  for b = 10, D -- 2-7. This varia- 
tion could be written in the form D exp ( - u k  m) = l, 
where u and m are empirical constants. Since D and b 
are known, u and m were determined to be 0.0012 
and 3, respectively. McCullough & Marsh (1950) ob- 
served a similar dependence on h, k and 1 in the struc- 
ture factors of the diaryl-selenium dihalides. 

The least-squares method was now applied to the 
coordinates taken from Fig. 1 (b), using corrected struc- 
ture factors of the form FCexp (-0.0012×k3).  Six 
iterations produced a stat ionary R 1 value, which was 
accompanied by a considerable oscillation in the signs 
of t h e / l ~ / s  to be added to the atomic coordinate ~j, 
as was also the case with the (hO1) layer. Hence, con- 
vergence in this process was reached with R 1 (hkO) = 
0.169, omitting F(020) and F(210). In  the least- 
squares process, 401 observations were used to deter- 
mine 45 un]~nowns. 

Atomic coordinates 

The method used for selecting the final set of coor- 
dinates from the sets of oscillating A~/s resulting 
from the last few least-squares applications has pre- 
viously been described (Blackmore & Abrahams, 
1955a). The final combined coordinates from the (hOl) 
and (h/c0) layers are given in Table 2. The (h]~l) in- 
tensities were recorded as an independent check of 
these coordinates, and the final values of R 1 are 0.208 
for (h/c0), 0-168 for (hO1) and 0.171 for (hkl). In  ob- 
taining these R1 values, all the structure factors given 
in Table 3 were used. If the two largest F(hkO) terms 
are omitted, Rl(hkO ) - -0 .177.  

Dimensions in the di-p-tolyl selenide molecule 

The Se-C distance is measured twice in the molecule, 
with no crystallographic relation between the two 
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Fig. 1. (a) Project ion of the unit  cell" of di-p-tolyl selenide along the b axis. Each contour for the carbon atoms represents a den- 

si ty increment of 1 e.A -~', and for the selenium a tom of 5 e./~ -~. The first contour for bo th  a toms is of 5 e.A J .  The outline 
of one molecule is marked.  

(b) Project ion of the unit  cell along the c axis. Contour scale as in (a), except  tha t  the first contour for carbon is here 
4 e.A-% 

Table 2. Atomic coordinates in (p-CH 3. C6~-~4)28e 
The origin is half way  between three pairs of non-intersecting 

screw axes 

Atom x y z 
Se 0"1360 0-2328 0.1381 

Ring A 

Ring B 

C 1 0.0754 0.1977 0.3299 
C~ 0.0809 0.1089 0.5353 
C a 0.0366 0.0826 0.6748 
C 4 0.9876 0.1452 0.6081 
C s 0.9821 0.2365 0.4030 
C s 0.0263 0.2621 0.2643 
C~ 0.9405 0.1061 0.7567 

C~ 0.1962 0.2475 0.3401 
C~ 0.1918 0-3311 0.5479 
C~ 0.2362 0.3409 0.6921 
C~ 0.2841 0.2678 0.6275 
C~ 0.2876 0.1852 0.4214 
C~ 0.2437 0.1735 0.2772 
C~ 0.3317 0.2778 0-7840 

observations. These distances were found to be 1.92 
and 1.93 A. The valency angle C-Se-C is 106.2 °. The 
angle made by the normals of ring A (Table 2) with 

the a, b and c axes are 79 °, 31 ° and 61 °. The angles 
for ring B are 106 °, 149 ° and 64 °, respectively. These 
normals make an angle of 55 ° with each other. 

Intermolecular  distances 

No intermolecular distance was found less than 3.5 J~, 
and it therefore seems that  the only forces binding 
these molecules together in the crystal are van der 
Waals forces. 

Accuracy of the coordinates 

The treatment used in the study of di-p-tolyl telluride 
was employed in the present case. Retaining the same 
t e r m i n o l o g y ,  a ( A x s e ) -  0"005 ~ and hence a(rse)= 
0.005 A, assuming that  the dependence of the (hkO) 
scale factor upon k is not caused by a strong anisotropy 
in the thermal vibrations of the selenium atom. Here, 

/Se//O was found to be 8.9, and hence a(rc) -- 0-045 A. 
The standard deviation in the Se-C bond length is 

23* 
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T a b l e  3. Observed and calculated structure factors for di-p-tolyl selenide 

h0~ Fob  s F c a l c  

23, 0 . 2  22 +20 

2 4 . 0 , 2  • 4 - 1 

2 5 . 0 . 2  14 + 9 

2 6 . 0 . 2  • 5 - 5 

27. O. 2 16 - 15 

28, 0 . 2  5 + I 

29.0,2 ~ - 5 

30, O, 2 7 + 8 

3 1 , 0 . 2  7 + 8 

32.0.2 • 4 0 

103 16 - 16 

203 53 +52 

303 17 +21 

403 17 - 18 

.503 27 +27 

603 65 -62 

703 25 -28 

803 17 +22 

903 4 - 2 

I0, 0, 3 32 +37 

I I. 0 . 3  32 +37 

12. O. 3 29 -27 

13, O. 3 • 4 - 3 

14, 0, 3 21 -21  

15. O. 3 30 -23 

16, 0 . 3  34 +36 

1 7 , 0 . 3  4 + 2 

18. O. 3 6 4- 7 

19, 0, 3 8 4. 8 

20, O, 3 15 - 16 

21. O, 3 8 -10 

22, O, 3 5 - I 

23. O. 3 7 - 6 

24, O, 3 30 +25 

25, O, 3 13 + 12 

26 ,0 ,3  5 - 5 

27, O, 3 5 ÷ 3 

28 .0 .3  6 - 5 

29, 0, 3 • 5 - 4 

30, O, 3 • 5 + 2 

104 • 4 + 4 

204 6 ÷ 7 

304 • 4 + 2 

404 39 +38 

504 I 1 - 9 

604 30 -25 

704 7 -10  

804 42 -39 

904 24 +26 

1 0 , 0 , 4  12 + 9 

I I , 0 , 4  4 + 5 

12, 0, 4 34 +30 

1 3 . 0 . 4  14 - 18 

14, 0, 4 42 -33 

15. O. 4 • 4 + 2 

16.0.4 6 - 7 

17, 0.4" • 4 - 3 

18, 0, 4 24 +20 

1 9 , 0 , 4  • 4 - 3 

20,0.4 4 + 4 

21 ,0 ,4  5 - 6 

22, O. 4 19 - 18 

2 3 . 0 . 4  5 + 7 

24, O, 4 • 5 + 1 

25, 0, 4 • 5 + 4 

2 6 . 0 , 4  14 +11 

2 7 . 0 . 4  4 - 6 

28. 0 . 4  4 - 4 

I05 34 -25 

205 32 -24  

305 42 ÷35 

405 • 4 + 3 

505 20 ÷ 13 

h01  F o b  s F c a l c  

200 ~ ~ 22 

400 14 - I I 

600 31 + 38 

800 48 + 57 

I 0 . 0 . 0  S0 - 45 

12.0.0 40 - 46 

14. O. 0 60  + 59 

16. O, 0 27 + 23 

18. O. 0 68 - 59 

20, O. 0 20 - 16 

22, 0 . 0  28 4. 20 

24, 0 .0  • 5 - 1 

26, O. 0 ~3 - 22 

28 ,0 ,0  • 5 4. 5 

3 0 . 0 . 0  13 ÷ I I  

32,0,•  • 5 - 8 

002 62 + 57 

004 60 - 48 

006 12 - 7 

10 1 64 + 68 

201 38 + 46 

30 1 90 -I03 

401 25 - 30 

501 9 - 18 

601 49 - 60 

701 65 + 78 

801 35 + 39 

901 6 ÷ 12 

10, 0. 1 70 + 78 

11, O. I 4 1 - 40 

12, 0. 1 2S - 34 

13, O, 1 • 3 + 8 

14, 0, 1 7 - 14 

15. O. 1 36 + 39 

16, O, 1 30 + 36 

17, O. I 20 - 22 

18, 0 .  I • 4 ~. 6 

19, 0, I 32 - 33 

20. O, 1 • 4 - 4 

21.0. 1 7 + 6 

22. O. 1 • 4 - 1 

23, 0, I 14 + 13 

24. O. I 34 + 28 

25, O, 1 14 - 14 

26. O. 1 • 5 - .5 

27 ,0 .  I 7 - 9 

28. 0. 1 12 - 12 

29, 0. I ? + 12 

3 0 , 0 , 1  5 + 6 

31 ,0 .  1 • 5 + 1 

32 .0 .  1 • 5 + 3 

I02 68 + 70 

202 • 3 - I 

302 53 t 50 

40~ 3 4. 5 

50Z 64 - 67 

602 • 3 - 3 

702 24 - 25 

802 "/ ~ 14 

902 78 + 86 

10.0 .2  31 - 38. 

1 1 , 0 . 2  • 3 + 6 

12,0 .2  • 4 - 2 

13, 0, 2 50 - 57 

1 4 , 0 , 2  ~ - 7 

15.0 ,2  7 + II 

16, 0 . 2  4 + 6 

1 7 , 0 , 2  31 + 32 

1 8 , 0 . 2  • 4 - 4 

19.0.2 20 - 20 

20 .0 ,  2 4 - 2 

21 ,0 .2  30 - 29 

2 2 , 0 , ~  • 4 - I 

hO~ Fob  s F c a l c  

605 • 4 - 4 

705 16 - 11 

805 4 - 6 

905 ~ 4 - 4 

I0. O. 5 17 - 15 

I I .0 ,  5 19 ÷ 20 

12.0.5 4 + 6 

13. O, 5 4 - 4 

14.0,5 • 4 - 5 

15. O. 5 37 - 33 

16. O. 5 I0 - 9 

17. O. 5 I0 + 8 

18, 0 . 5  7 - 7 

1 9 . 0 . 5  14 + II 

20,0. 5 6 + 3 

21,0,  5 8 - 8 

22,0. 5 6 + I 

23, O, 5 8 - 8 

24,0, 5 6 - 3 

25,0,  5 7 + 7 

26, 0 . 5  4 - 2 

I06 20 - 16 

206 • 4 + 4 

306 12 - 7 

406 15 + 15 

506 23 + 18 

606 • 5 0 

706 8 + 5 

806 • 5 - 5 

906 30 - 21 

I0.  O, 6 6 + 6 

1 1 . 0 . 6  5 0 

12. O, 6 6 4. 5 

13, 0 . 6  20 4. 13 

14, 0, 6 5 - 5 

iS. 0, 6 5 - 4 

16. O. 6 5 - 3 

1 7 . 0 . 6  8 - 6 

18,0,  6 9 + 9 

19,0,  6 4 4. 3 

20 ,0 ,  6 4 ÷ 1 

2 1 , 0 , 6  12 + 6 

2 2 . 0 , 6  8 - 6 

107 • 4 + 4 

207 21 - 15 

307 4 - 2 

407 7 + 5 

507 • 4 + 

607 17 4. I I 

707 4 + 3 

807 8 - 8 

907 4 + 2 

1o, o, 7 13 - 9 

11 .0 .7  4 - 4 

1 2 , 0 , 7  9 + 9 

13, 0 . 7  • 4 - I 

1 4 , 0 , 7  11 4. 3 

15. O, 7 • 4 - 2 

16,0 ,7  • 4 - 4 

hk0 Fob  s F c o r r  
020 115 °218 

040 58 + 63 

060 3 4  - 32 

080 9 + 10 

0, 10, 0 2 - " 2 

110 10 ~ 1O 

210 105 -140 

3 I0 22 - 22 

410 6 - 9 

510 • I ÷ I 

610 83 + 92 

710 20 + 15 

810 33 + 35 

* No t  observable;  cu t  off b y  layer-l ine screen. 
This s t ruc ture  fac tor  was entered  in the  Four ie r  

hk0 F o b  s i~. F c o r r  

910 7 + 7 

10, I00 57 -52  

110 1,0 • 1 ÷ 2 

12. 1, 0 49 -53  

13. 1.0 6 - 7 

14, 1.0 53 +44 

15, 1, 0 6 - 7 

16, 1.0 57 +50 

17, 1, 0 • 1 + 2 

18, 1, 0 27 -22  

19, 1,0 12 ÷12 

20, 1, 0 88 -74  

21. 1,0 14 -13  

22, 1, 0 • 2 - 4 

23. 1.0 8 +10 

24, 1.0 t 3 + 1 

25, 1.0 t 8 + 2 

26° 1, 0 2 + 4 

27, 1,0 t 3 + 3 

28. I, 0 16 - 16 

29, 1, 0 3 + 4 

30, 1, 0 4 - 6 

31, 1,0 1 o 2 

32, 1,0 8 4.10 

120 67 °73 

220 53 -49 

320 32 4.25 

420 48 4.53 

520 38 +29 

620 61 4.53 

720 14 + 18 

820 63 -69 

920 17 +15 

10, 2, 0 26 -31 

II. 2.0 6 oli 

12, 2 .0  51 +44 

13, 2, 0 20 - 14 

14, 2, 0 61 +51 

15, 2, 0 13 + 13 

16~ 2. 0 26 - 19 

17, 2, 0 t 6 + 3 

18, 2. 0 62 -48 

19, 2, 0 I0 - I0 

20 .2 .0  18 + 14 

2 1 , 2 , 0  • 1 + 2 

22, 2, 0 27 4.18 

23, 2, 0 7 + 7 

24, 2, 0 2.. + 3 

25, 2, 0 2 + 2 

26, 2~ 0 28 -24 

27, 2, 0 2 ° 2 

28. 'z;  o 4 - 4 

29, 2, 0 3 - 4 

30, 2, 0 9 4.10 

31 .2 .0  3 - 2 

130 21 - 17 

230 69 +77 

330 20 4.20 

430 I I + 14 

530 22 +17 

630 81 -73 

730 36 -30 

830 38 -38  

930 7 - 13 

I0~ 3, 0 37 +41 

11.3.0 17 °II 

12, 3, 0 35 +40 

13, 3, 0 27 +25 

14.3, 0 55 °44 

15.3.0 Ii + 8 

16, 3, 0 5 1 °42 

17, 3.0 7 - i 1 

18, 3, 0 21. 4.18 

series for Fig. l(b) with the wrong sign. 
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hk0 Fob  s F c o r r  

19, 3, 0 14 - 13 

20.3, 0, 44 +32 

2 1 , 3 , 0  14 ÷12 

22, 3, 0 8 ÷ 13 

23.3,0 t 3 - 6 
24, 3, 0 24 - 16 

25,3 ,0 ,  t 6 - 6 

26, 3, 0 5 - 6 

27 .3 ,0  7 - 8 

28.3, 0 13 + 16 

2 9 , 3 , 0  4 - 4 

3 0 , 3 . 0  • 1 + 2 

140 13 417 

240 13 + 17 

340 27 +21 

440 58 -56 

540 30 - 19 

640 50 -42  

740 38 -36  

840 41 ÷42 

940 1" + 3 

10, 4.0 18 ÷20 

11.4.0 I0 +II 

12, 4, 0 48 -37 

13, 4. 0 25 + 15 

14, 4 ,  0 34 -29 

15, 4, 0 17 - 16 

1 6 , 4 , 0  6 + 5 

17, 4, 0 3 0 

18, 4 ,  0 33 ÷28 

19, 4. 0 i0  +II 

20, 4, 0 8 - 10 

2 1 , 4 , 0  3 + I 

22, 4 . 0  20 - 14 

23, 4, 0 4 - 6 

24, 4 , . 0  • 1 - 2 

2 5 ,  4, 0 7 - 6 

26, 4.0 15 + 17 

27.4.0 6 + 5 

2 8 , 4 . 0  11 + 4 

2 9 , 4 , 0  3 + 5 

150 23 +17 

2 5 0  46 -39 

350 7 - 12 

450 4 - 2 

550 26 - 16 

650 39 +34 

750 19 +16 

850 36 +28 

950 15 +17 

I0.5, 0 30 -28 

11.5.0 9 + 7 

12, 5, 0 I I - 15 

13, 5, 0 32 -27 

14, 5, 0 26 +2Z 

15.5,0 t 4 - 2 

16, 5, 0 30 ÷28 

17,5.0 It ÷15 

18, 5, 0 2 - I 

1 9 , 5 , 0  5 + 3 

20, 5, 0 13 - 15 

2 1 , 5 , 0  • 1 - 1 

22, 5, 0 • I + I 

23.5, 0 6 + 7 

24, 5, 0 10 + 12 

25.5.0 5 + 5 

2 6 , 5 , 0  6 + 4 

2 7 , 5 , 0  5 + 7 

28 ,5 .0  4 - 7 

160 12 - 11 

260 12 +I0 

360 35 -23 

460 35 +27 

t Th i s  s t r u c t u r e  

Table 3 (cont.) 

hk0 F o b  s F c o r r '  

560 7 ÷ 8 

660 17 +17 

760 12 +18 

860 9 - 12 

960 • 2 - 2 

10, 6, 0 10 - 14 

II, 6, 0 18 - 15 

12, 6, 0 23 ÷20 

1 3 , 6 . 0  5 - 4 

14, 6, 0 10 + 14 

15, 6, 0 8 ÷ 8 

1 6 . 6 , 0  • 2 0 

17, 6 . 0  3 + 2 

1 8 , 6 , 0  II -13 

1% 6, 0 8 - 10 

20.6, 0 4 ÷ 5 

2 1 , 6 . 0  5 - 4 

22, 6, 0 6 + 8 

2 3 , 6 . 0  4 + 5 

2 4 , 6 , 0  ~ 1. ÷ I 

25 .6 ,0  2 + 3 

26.6, 0 2 - 8 

27 .6 .0  • 1 - 2' 

170 10 -12  

270 13 ÷15 

370 10 + 9 

470 2 + 4 

570 7 + 9 

670 10 - 14 

770 2 - 5 

870 8 - 7 

970 I0 -'12 

1 0 . 7 , 0  8 +11 

I I , 7 , 0  • 2 + I 

12, 7, 0 2 + 4 

13.7, 0 I0 ÷ I I 

14, 7 ,  0 6 - 7 

15, 7, 0 3 + 2 

16, 7, 0 10 - 13 

17.7, 0 t 12 -11  

18, 7.0 3 - 3 

19, 7, 0 4 - 5 

20, 7, 0 5 + 8 

21,7 ,  0 3 .P 5 

22, 7, 0 4 - 4 

23, 7, 0 3 ÷ 5 

180 11 +11 

280 2 - 3 

380 13 +11 

480 5 - 7 

580 I - 3 

680 7 - 6 

780 2 - 4 

880 4 + 6 

980 • I - I 

10,8.0 < I + 3 

1 1 , 8 , 0  ? + 8 

12,  8 ,  0 4 - 4 

13, 8, 0 3 + Z 

14, 8, 0 4 - 5 

15, 8, 0 5 - 6 

16, 8, 0 1 + 2 

17, 8 ,  0 3 - 2 

18, 8 ,  0 3 + 4 

1 9 , 8 . 0  4 + 4 

190 4 + 4 

290 < 1 - 4 

390 5 - 3 

490 5 - 3 

590 6 - 6 

690 3 + 3 

790 1 + 3 

890 < I + I 

hkO P o b s  F c o r r  

990 l ÷ 3 

10, 9, 0 2 - 3 

1 1 , 9 . 0  1 0 

1 2 . 9 , 0  I - 3 

1 3 . 9 . 0  2 - 4 

14, 9, 0 3 - 3 

15, 9, 0 • I ~ 1 

16, .9 0 • I + 2 

1, 10, 0 2: - 2 

2 , 1 0 , 0  • I ~ I 

3, I0.0 5 - 4 

4, I0.0 2 0 

5. I0.0 < I 0 

6, I0.0 2 + 2 

hkl Fob  s IFca lc l  
Oil 37 25 

021 28 26 

031 37 44 

041 50 60 

051 26 34 

061 2b 34 

111 4 9  71 

211 14 14 

311 91 72 

411 ii I 107 

511 39 43 

611 25 26 

711 24 22 

811 65 60 

9 1 1  4 8  5 8  

10,  1, 1 6 3  5 8  

11, 1, 1 I I  l0 

12, 1, 1 34 31 

13, I, I 52 54 

1% 1, 1 16 22 

15, I, I 9 I I  

16, I ,  1 17 17 

17, 1, 1 50 49 

18, 1, I 2 2  21 

19. 1, 1 10 21 

20, 1, 1 ~ 8 2 

21, 1, 1 19 13 

22, I, 1 23 24 

23, 1, 1 11 13 

24, 1, 1 • 8 2 

25, 1, 1 13 8 

26, 1, 1 13 14 

27, 1, 1 13 14 

28, 1, 1 • 9 5 

121 88 95 

221 95 82 

321 68 61 

421 5 13 

521 31 23 

621 48 43 

721 54 56 

821 4 ' t  36 

921 24 20 

I0.2, I 65 55 

II, 2, I 49 50 

12.2, I 37 32 

13, 2, I • 6 4 

14, 2, 1 6 14 

15.2. I 31 33 

16, 2, I 38 33 

17.2, I 21 22 

18, 2, 1 • 8 11 

19, 2, 1 36 29 

20, 2, I 8 12 

21, 2, I • 8 7 

22, 2, I • 8 6 

23, 2, I 17 15 

24 .2 ,  I 28 21 

hk, Fob, IFc,,ol 
25 .2 ,  I • 9 IZ 

26, 2. l • 9 4 

131 42 47  

231 28 26 

331 48 51 

431 61 59 

531 36 41 

631 10 17 

731 9 15 

831 38 37 

931 50 51 

I0, 3, I 4}  35 

11,3,  I 24 21 

12.3. I 24 23 

13, 3, I 40 36 

14.3, I 17 21 

15, 3, 1 10 1"2 

16, 3, 1 15 14 

17, 3, 1 33 33 

18, 3, 1 25 27 

19, 3, 1 26 25 

20, 3, 1 I 1 14 

21, 3, 1 24 23 

22, 3, 1 21 20 

23, 3, 1 • 8 6 

141 58 66 

24 1 46 50 

341 36 39 

441 • 6 12 

54 1 14 14 

64 1 28 28 

74 1 29 3 

841 13 16 

941 18 18 

10, 4, 1 36 3 1 

11,4 ,  I 36 35 

12, 4. I 19 24 

13, 4, I • 7 7 

14, 4, 1 • 7 14 

15, 4. 1 19 25 

16,4,  I 21 21 

17.4. I 15 16 

18, 4, 1 • 8 12 

19,4,  1 ~ 8 20 

20, 4. I 8 17 

21 ,4 ,  I • 8 8 

151 24 30 

251 16 20 

351 21 26 

451 21 29 

55 1 24 33 

651 14 23 

7 5 i  ? 14 

851 17 23 

951 I~ 24 

I0.5. I 7 19 

11.5. I 7 12 

12, 5. I • 7 14 

13.5. I 15 24 

14.5. I I I 16 

15.5..L 8 I0 

16, 5, t 8~ 16 

17.5, I 8 21 

18, 5, | 8 14 

19, 5. I 8 15 

20 .5 .  1 9 17 

21, 5, I 9 13 

22, 5. 1 • 9 12 

161 18 22 

261 18 20 

361 23 29 

461 18 20" 

561 • 7 15 

f ac tor  w a s  e n t e r e d  in  t h e  F o u r i e r  series  for  F ig .  l (b)  w i t h  t h e  w r o n g  s ign .  
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0-045 A, in the averaged bond length is 0-03 A, and 
in the C-Se-C bond angle is 2 °. 

D i s c u s s i o n  

The Se-C bond distance of 1.92 ,~ in the present s tudy 
compares very closely with the other values for this 
distance given in Table 1. The Se-Se distance in the 
element has been intensively studied (Grison, 1951; 
Burbank, 1951; Marsh, Pauling & McCullough, 1953) 
and is close to 2.34 ~.  Taking half this value as the 
single covalent bond radius, and 0.75 A for the single 
covalent radius of carbon, the resulting single bond 
between selenium and carbon is 1.92 J~, assuming 
addit ivi ty and correcting for the electronegativity 
difference (Schomaker & Stevenson, 1941). I t  thus 
appears tha t  this bond remains very close to a single 
bond, and is rather insensitive to its surroundings. 
This behavior appears to be in contrast with tha t  of 
sulfur (Blackmore & Abrahams, 1955b), which has a 
tendency to conjugate with adjacent double bonds, 
with the consequence tha t  the S-C bond itself may 
take on some double-bond character. 

The C-Se-C bond angle found in di-p-tolyl selenide 
of 106 ° lies within the range of comparable angles in 
Table 1. In  the element, the selenium atom exhibits 
a valence angle of 105-5 °, and hence this angle also 
seems to remain rather constant in a variety of en- 
vironments. 

The dihedral angle of 55 ° between the normals to 
the aromatic rings in the present molecule may  be 
compared with thv  corresponding angle of 80~-10 ° 
found in di-p-tolyl selenium dichloride and dibromide 
(McCullough & Marsh, 1950).4~e small dihedral angle 
found in the present s tudy results in a distance of 
3 . 3 1 A  between C~ and C~. I t  is possible tha t  this 
rather close approach may  be due to a tendency for 
the molecule to assume a planar configuration, which 
would greatly increase the chance of conjugation in 
the Se-C bond. 

I t  is of interest to note the great similarity between 
the molecular orientation of the di-p-tolyl selenide 
molecule in the present crystal, and of the correspond- 
hag par t  of the molecule in the di-p-tolyl selenium 
dichloride and dibromide crystal (McCullough & 
Marsh, 1950), although the lat ter  crystals belong to a 
different space group. 

E x p e r i m e n t a l  

The colorless needles of di-p-tolyl selenide may  be 
prepared as described by  McCullough & Campbell 
(1945) and by  Leicester (1938). The crystals used in 
this s tudy were kindly sent to us by  Dr J. D. MeCul- 
lough, and recrystallized from aqueous alcohol in this 
laboratory. These crystals are stable in contact with 
the atmosphere. The largest of the  three crystals used 
was 0.25×0.35×1.10 ram. 3 and the smallest was 
0.08 × 0.09 × 0.60 mm. 3. The experimental procedures 
used in this s tudy are the same as those described by 
Blackmore & Abrahams (1955a). The ratio of the 
strongest intensity to the weakest in each layer was 
7230:1 in (Mc0), 1160:1 in (hO1) and 1160:1 in (hbl). 
No absorption corrections were made. The largest 
crystals were used only for the weakest intensities. 

We would like to thank Dr J.  D. McCullough for 
the crystals used in this s tudy,  J.  Kalnajs for re- 
crystallizing them, and Prof. A. yon Hippel for his 
interest. 
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