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The crystal  s t ruc ture  of 9 : 10-dihydro- 1 : 2 : 5 : 6-dibenz- 
an th racene  has recent ly  been analysed by  Ibal l  & Young  
(1958) by  two-dimensional  methods  (space group P2~/a; 
molecular  s y m m e t r y  Ci - i ;  R(Olcl) = O" 121, 108 reflexions; 
R(hO1)=O.156, 130 reflexions; R(hkO)=O'151, 77 re- 
flexions). Ibal l  & Young  calculated (by the  m e t h o d  of Atom Plane (1) Plane (2) 
least-squares) t h a t  the  mean  plane of the  molecule  was A 0.001 --0.000 s 
given by :  B 0.047 (c) 0.0009 

C 0.081 (c) - -  

0.7677x' -- 0.3835y' -- 0.5135z' = 0 .  (1)* D 0.011 - -  

E 0.019 - -  

The or thogonal  axes x', y' ,  z' were t aken  along a, b and  ~ -0-059 (c) - -  
d001 respectively.  I t  was pointed out  t h a t  the  essential G --0.039 (b) - -  

planar i ty  of the  molecule was no t  'in accord wi th  pre- H 0.010 - -  
dictions from normal  stereochemicM considerations. '  The I 0.005 - -  
unexpec ted  molecular  conformat ion has been explained J 0.005 - -  

elsewhere (Herbstein,  1959) as caused by  the need to K 0.044 (c) --0.000 s 
minimize  the repulsion between the lin hydrogen  a t t ached  l03 27iA~ 16-19 0.002 
to carbon A and  t ha t  a t t ached  to carbon D, and  similarly R.m.s. displace- 
for the  hydrogens  a t  21' and  D" (Fig. 1). These repulsions mcnt 0.039 0.000 s 

* Excluding atom A. 
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Fig. 1. Nomenclature of atoms. 

would  be greater  in a folded molecule. I n  terms of these 
somewha t  rough calculations the molecule would be 
expected  to be planar.  

A closer examina t ion  of Ibal l  & Young 's  results shows 
t h a t  the  perpendicular  distances of some atoms from 
plane (1) (see column 1 of Table 1) are significant. I n  
addi t ion  these displacements  appear  to be sys temat ic :  
a toms B, C, K are significantly above the mean  molec- 
ular  plane and a toms F and  G significantly below. The 
possibili ty therefore exists of a systemat ic  devia t ion of 
the molecular  shape from str ict  p lanar i ty .  

One possible description of the molecule is t ha t  it has 
a zigzag (or biplanar) s t ructure ,  wi th  planar  'naphtha lene '  
groupings inclined a t  small angles to a p lanar  central  ring. 
As the molecule is cen t rosymmetr ic  the two 'naphtha lene '  
groupings mus t  be parallel. The exper imenta l  coordinates 
of the carbon a toms (Iball & Young,  1958) have  been 

* This equation differs slightly from that given by Iball & 
Young; it has been recalculated by electronic computer and 
a misprint in the coefficient of z' has been corrected. 

Table 1. Perpendicular distances A~ (in A) 
of atoms from planes given in text 

Standard deviation a(Xd=0-013 A by Cruickshank's (1949) 
method 

Plane (3) 

(o.o87) 
--0.014 

0.050 (c) 
-- 0.021 

0.015 
- -  0.028 (a) 
-- 0.005 

0.015 
0.014 

--0.016 
--0.010 

4.98* 

0.022* 

Displacement significant at 5% level (A/a> 1.645) shown 
by (a), at 1% level (A]~>2.327) by (b), and at 0.1% level 
(A/a>3.090) by (e). 

used to tes t  this hypothesis ,  wi th  the following results:  
the  centra l  r ing A B K A ' B ' K "  is planar ,  its equat ion  
being 

0.7509x' - 0.3754y' - 0.5433z" = 0 .  (2) 

The r.m.s, d isp lacement  from (2) is 0.0008 A, the  ac tua l  
displacements  being given in column 2 of the  table.  The 
'naphtha lene '  groupings are near ly  planar ,  the  equat ion 
for a toms B C D E t P G H I J K  being 

0-7773x' - 0-3935y' - 0.4909z' + 0.0912 -- 0 .  (3) 

The r.m.s, d isp lacement  is 0.022 A, and  C is the  only 
a tom t h a t  is significantly displaced f rom (3) (A/a = 3.85) 
(see column 3 of Table 1). The zigzag model  of the  centro- 
symmet r i c  molecule  consists of a p lanar  centra l  six- 
membered  ring to which two parallel,  p lanar  'naph- 
thalene '  groupings are a t tached .  These 'naphtha lene '  
groupings make  angles of 176 ° 28' with the  central  r ing;  
the perpendicular  dis tance be tween the planes of the  
'naphtha lene '  groupings is 0.18 A. 

The • test  (e.g. K e n n e y  & Keeping,  1956) was applied 
to the variances (i.e. ~" A~, where A~ is the perpendicular  

i 
dis tance of a tom i f rom the  plane considered) calcula ted 
for the two molecular  models ;  this showed tha t  the  
smaller var iance found for the  zigzag model  as compared  
to the p lanar  model  was significant a t  the 21% level. 
A more complex model,  in which the s ix-membered rings 
A B K A ' B ' K ' ,  B C H I J K  and C D E F G H  were taken to 
be p lanar  bu~ no~ necessarily coplanar,  gave be t t e r  
ag reement  with the exper imenta l  results, there  being no 
significant d isplacement  from the planes of the rings. 
Howeve r  the  F test  showed t ha t  the improvemen t  on the 
zigzag model  was no t  significant. 
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The conclusion to be d rawn  from these calculations is 
t h a t  the  zigzag model  of the  molecule fits the experimental 
atomic coordinates bet ter  t han  the p lanar  model  given by 
Ibal l  & Young,  and t ha t  there  is less t han  one chance 
in for ty  tha t  this improvement  in fit is fortuitous.  More 
accura te  exper imenta l  results are needed before a decision 
can be made  between the simple zigzag model  discussed 
above or a more  complex one. I t  is also no t  clear a t  
present  whe ther  the  deviat ion from a p lanar  shape is a 
p roper ty  of the free molecule or whe ther  this should be 
ascribed to packing effects. Results  from a three-dimen- 
sional analysis now in progress (Iball, 1960) should help 
to settle these points.  

The me thod  used for f i t t ing planes to various sets of 
a tomic coordinates by  least squares was t ha t  given by  
Schomaker ,  Waser,  Bergmann  & Marsh (1959). I t s  use 
in the present  problem has been facil i tated by  a pro- 

g ramme prepared for the  Stantec Zebra electronic com- 
pu te r  in our laboratolT by Mr G. J .  Rudolph ,  whose 
assistance is great ly  appreciated.  I am also indebted  to 
Prof. A. J .  B. Wiid, Mr C. R. Troskie and  Mr G. Garner 
for helpful discussions and to Dr  J .  N. van  Niekerk  for 
his interest  in this work. 
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A recent  paper  by  Kons tan t inova ,  Sil 'vestrona & Aleks- 
androv  (1959) has described the  prepara t ion  and  measure- 
m e n t  of tr iglycine sulfate, where the piezoelectric strain 
constants  dla were obta ined by  the  resonance-ant i -  
resonance m e t h o d  using e S, the c lamped dielectric con- 
s tant .  

B e c h m a n n  (1954) has shown tha t  in this case the  dz~ 
mus t  be computed  using ~m, the effective dielectric 
cons tant  for the mode  considered. Since only in the 
measu remen t  of die, d84, and  d22 where  thickness shear 
vibrat ions are used, can the  effective dielectric cons tant  
be considered t ha t  a t  cons tant  strain, the de te rmina t ion  
of the  remaining dt~ mus t  be considered subject  to a 
greater  factor  of unce r t a in ty  than  the authors  give. 

This unce r t a in ty  is not  so great  for d14 and d3e as it  is 
for d~l, d23, and  d25 since contour  modes were used for 
the  former and  longitudinal  vibrat ions for the  lat ter .  
The magn i tude  of error cannot  be calculated because of 
the  pauc i ty  of da ta  given, bu t  an es t imate  m a y  be made  
using the curves showing the  vibrat ion of the  dielectric 
cons tant  e22 as a funct ion of f requency for various values 
of field s trength.  The curve corresponding to lowest field 
s t rength  shows a var ia t ion of greater  than  ten  to one 
over the range of frequencies which correspond to the  
dielectric constants  eT and  e s. The effective piezoelectric 

cons tant  e is proport ional  to ~/e, and so could vary  by  
more  than  three to one; however,  since e m is be tween  
8 P and  ss, this figure gives only an upper  bound.  The 
actual  error is probably  small for all constants  wi th  the 
exceptions no ted  above. 

I t  should also be pointed out  t ha t  some of the  values 
for the  compliances s D calculated from the stiffnesses 
measured  by  the ultrasonic me thod  are incorrect.  The 
proper  values are given below; the calculations were 

carried out  on the  Burroughs  D a t a t r o n  220 compute r  in 
use a t  this Labora tory ,  using a mat r ix  inver t ing program 
based on the Crout procedure  (Hildebrand,  1952). 

Table 1. Elastic compliances si~ for triglyeine sulfate 
Computed from data of 

V. P. Konstantinova, I. M. Sil'vestrona & K. S. Aleksandrov. 

Elastic 
compliances Values 

s~k 10 -18 cm.2/dyne 
811 32-9 
s~ 69.8 
%3 108"5 
844 105-4 
%5 107.3 
See 161.5 
823 -- 57.7 
Sla -- 22"7 
sx2 -- 2.9 
815 -- 1.4 
%5 -- 24"5 
a35 40-9 
s4e 4-4 
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