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Abstract-The real path of the polarized radiation in passing throughout 
an anisotropic crystal essentially depends on the orientation of the principal 
dielectric tensor axes with respect to the cleavage plane of the sample. 
Proper elucidation of this fact leads to new expressions for the dichroic 
ratio of a molecular crystal which contains terms connected both with the 
orientation of molecular transition moments and with the dielectric tensor 
axes as well. The agreement of the theory with experiment is illustrated in 
several examples. 

The molecular crystal is a three-dimensional periodic array of 
molecules weakly interacting with one another. The energy of the 
intermolecular interactions depends, in general, on respective 
orientations of the molecules in the crystalline lattice, and on their 
distances, and is very small in comparison with the binding energy 
of the atoms constituting the molecule. Therefore, in many cases 
or at least in separated spectral regions the infrared spectrum of the 
crystal closely resembles that of a solution in an inert solvent. In 
these circumstances the crystal can be treated as being composed of 
non-interacting molecules which are arranged in a manner corres- 
ponding to the symmetry of the crystal structure, i.e. it can be 
replaced by an LLoriented gas”. If a polarized electromagnetic 
wave with the electric vector 2 properly oriented with respect to 
the crystallographic directions falls on the crystal its absorption 
intensity will depend on the orientation of 2 with respect to the 
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146 MOLECULAR CRYSTALS 

+ 
molecular transition moments, PI“). We have assumed that to each 
of the T molecules contained within the unit cell (subscript “i”) a 
spectroscopic transition moment P can be assigned, separately for 
each normal vibration (superscript “ n  ”). This is the principal idea 
of the so-called “oriented gas model” which was first introduced 
by Pimentel and McClellanl and by Ambrose, Elliott and Temple.2 
It constitutes the theoretical basis for the interpretation of the 
experimentally determined intensities of the infrared absorption 
bands of molecular crystals. 

There is one point requiring some further explanation. The 
transition moments, e), do not need exactly to be those of the free 
molecule. The symmetry properties of the free polecule after 
placing it into the crystal become somewhat modified by the 
surrounding molecules and, according to Halford,s can be repre- 
sented by the symmetry point group of the lattice site actually 
occupied by the molecule. In general, the site symmetry is lower 
or at most equal to the symmetry of the free molecule. Therefore, 
the selection rules for the molecular transition moments Pp) are 
governed by the site symmetry point group and it may happen that 
some frequencies which are inactive in the Gee molecule become 
allowed in the crystalline state. 

From the experimental point of view, two values of the “true” 
integrated absorption intensity of an absorption band, AE) and A$), 
measured with the electric vector E parallel in turn to two per- 
pendicular crystal directions 2 and y, respectively, give what is 
called the “dichroic ratio ” of the absorption band : 

+ 

4. 

-T 

-b 

By the true intensities we mean values corrected for finite slit 
width of the monochromating device which can be made by the 
methods described in the literature.* The directions x and y along 
which spectroscopic measurements are being made cannot be chosen 
arbitrarily but must correspond to the optical directions of the 
crystal. 
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THE “ORIENTED G A S  M O D E L ”  147 

According to the oriented gas model the absorption intensity of 
the crystal should be proportional to  the square of the dot product, 
[Pi”). El2 = (Pi”)E)2.  cos2(?p),$), and for the expected dichroic 
ratio we have : 

+ . + .  

cos2 (S?), Zy) 

cos~($p), 2.J 
(2) g t h e o r )  = i-1 

ZlY 

f= 1 

If the unit cell is occupied by only one molecule we have : 

Y / x  P a )  p i e o r )  = c o t 2 q j  

where 0 denotes the angle between ?(n) and the y direction. 
Expressions (2) and (2a) are based on “pure geometrical” theory 
of the dichroism. R > 1 means that the band is polarized along the 
y direction of the crystal whereas for R < 1 the polarization is 
along x. 

The comparison between theory and experiment shows that the 
observed and predicted polarization directions are in general in 
agreement. This fact greatly facilitates the assignments of the 
bands in the spectroscopy of crystalline oriented solids and is 
commonly used. However, numerous discrepancies have been 
found between the numerical values of the observed dichroic 
ratios and those calculated according to (2) or (2a).135.8 The 
inadequacy of the model in quantitative problems was obvious 
since experiments have been made on solid solutions of naphthalene 
in anthracene,? where the interactions between naphthalene 
molecules are in fact negligibly small. For these reasons the model 
was also criticized by the authors, and was believed to hold only 
approximately. It is of interest to note that Pimentel’ and 
Mathieus pointed out that the examination of optical properties of 
crystals might contribute to the understanding of the above 
discrepancies. 

Nonetheless, many authors have used (2) or (2a) to determine the 
direction of the transition moment, most frequently of an isolated 
group of atoms of a molecule. It has frequently been found that the 
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148 MOLECULAR CRYSTALS 

spectroscopically determined direction of 5 does not coincide with 
the direction of corresponding chemical bond known from the 
X-ray structure. The discrepancies sometimes amount to as much 
as 20". From this information particular orientation of the groups 
in crystalline state was deduced.&12 However, such conclusions 
cannot be considered as reliable ones because of principal disagree- 
ment between the theory and experiment. 

Hexter showed on an exampIe of crystalline iodoform that more 

accurate results for the orientation of P are obtained from the 
analysis of the full absorption anisotropy curve taken for a plane 
normal to the six-fold axis.13 In this special orientation the plate 
is isotropic and in such a case the corrections connected with optical 
properties of the crystal are unnecessary. By the analysis of similar 
curves made for the cleavage plane of /3-p-nitrophenol the position 
of the OH bond has been found whereby the non-linearity of the 
hydrogen bridge of the type OH. - - 0 has been proved.14 

The exact introduction of the optical properties of crystals into 
the theory of dichroism was made first by Ward. l6 Considering the 
problem of propagation of electromagnetic waves in anisotropic 
media on the basis of general electromagnetic theory Ward arrived 
at  a result which for the most simple case with one molecule in the 
unit cell has the form : 

+ 

where 8% and &'u denote half of the length of the two principal axes 
of the tensor of the dielectric constant and they lie within the plane 
of the sample. In  a case of r molecules in the unit cell we can combine 
(3) and (2) to get a more general expression : 

In  this treatment attention is given to the significance of the 
dielectric tensor axes but their orientation is not introduced 
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T H E  “ O R I E N T E D  G A S  MODEL” 149 

explicitly. For this reason, expression (3) or (3a) gives correct 
results only in a particular orientation of the sample discussed 
above. Such a case has been examined with success by Susi on an 
example of adipic acid16 and by Rohleder and Luty on durene 
crysta1s.l’ In a more general orientation of the sample in respect to 
the dielectric tensor axes expressions (3) and (3a) cease to hold, and 
this is caused according to our view by a change of the direction of 
vector E in passing the interface air/crystal. 

In this paper we will try to show that the proper elucidation of 
this effect leads to the results which are in reasonably good agree- 
ment with experimental data even in those cases in which the 
preceding treatment gave discrepancies qualitative in nature, i.e. 
the observed polarization directions were opposite to the predicted 
ones. For this purpose let us consider first some details of the optics 
of non-magnetic and non-conducting media. 

-+ 

1. The optical properties of crystals and the radiation paths 

The optical properties of organic crystals which are for the most 
part anisotropic substances can conveniently be illustrated by 
means of a surface called an indicatrix. This surface has the form 
of an ellipsoid possessing three mutually perpendicular principal 
axes which we shall denote by 1, 2, 3, and the refractive indices 
along them by N 1 ,  N g ,  and N S ,  respectively. For a non-magnetic 
and non-conducting crystal the directions of these axes coincide 
with the principal axes of the dielectric tensor, and gi=NZ, 
i = 1, 2, 3. The particular shape and orientation of the indicatrix 
with respect to the crystallographic directions are symmetry 
related with the crystallographic class ofthe crystal.18 Cutting or 
cleaving a plate from a larger block of single crystal, we can meet 
three optically different orientations of the plate within the plane 
of which there are contained two, one or none of the axes of the 
indicatrix, Fig. la, b, and c, respectively. These orientations can 
be distinguished by means of the polarizing microscope in viewing 
the plate mounted on an universal stage.lg 
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150 MOLECULAR CRYSTALS 

In the first case, corresponding to Fig. la,  there are two planes 
of optical symmetry perpendicular to the crystal surface, the third 
being parallel to it. If a beam of polarized radiation falls on crystal 
surface a t  normal incidence and with the electric vector E' directed 
toward N 1  or N 2  it does not suffer any change in its direction ~ n 9  the 
wave intersects the interface airlcrystal. In  this case the measured 
absorption intensity depends only on the geometrical arrangement 
of the absorbing oscillators according to the equation (3a). 

I n  the third orientation shown in Fig. Ic there is no one optical 
symmetry plane perpendicular to the crystal surface. In this case 

'Y  l a  /Y 
I b  

Figure 1. Orientation of the principal axes of the indicatrix with respect to 
the plane of the sample. 

the radiation beam divides at  normal incidence into two rays which 
are both extraordinary in nature and are absorbed differently when 
travelling throughout the crystal. It will be clear from what follows 
that it is possible, at least in principle, to choose an orientation of 
the plate proper for making the measurements but this would 
require the use of a kind of universal stage which is hardly possible 
to be realized in practice. Instead of this, the orientation l c  may 
rather be adjusted to the case Ib  by means of polishing methods. 

According to our experience the orientation most frequently met 
in practice corresponds to Fig. Ib. Let us introduce a rectangular 
coordinate axes system x, y, and z, attached to the sample, where 
yllN2 and z I z ,  y. The orientation $ 1 1 ~  is identical with the case la  
and needs no further consideration. For the second orientation, 
Zjlx, the radiation path is more complicated even at normal 
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THE “ O R I E N T E D  G A S  M O D E L ”  151 

incidence and it is shown in detail in Fig. 2. In this case two types 
of effects occur: 

(i) The radiation path in the crystal is in general longer than 
the thickness of the sample ; 

(ii) The cosines of the angles between and E’ have to 
be corrected for the actual orientation of E within the 
crystal. 

+ 

+ - +  
Figure 2. Orientation of the D and E, vectors within the crystal. 

From the Fig. 2 we see that the direction of 2 (in vacuum) 
changes to & (in crystal), and the angle between them or between 
b and 2, is 5. b is the vector of the electric displacement. Exactly 
the same angle occurs between the unit vector, of the ray-vector 
(Poynting vector 8) and the unit vector of the wave-normal, s, 

because of t l E ,  and sib. Hence, the direction of the ray in the 
crystal is parallel to ;and the real path length of the ray is d’= 
dlcost, instead ofd.  The angle 4 can be calculated from the defini- 
tion of the dot product of b and & : 

+ + 

+ +  

+ +  
D.Et  = Ibl.l&lcos< (4) 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
10

 1
7 

Fe
br

ua
ry

 2
01

3 



152 MOLECULAR CRYSTALS 

+ 
The components of D in its own coordinate axes system, bl, be, 
and b,, are [IDIsin(90-+), 0, lZlcos(90-+)], or [Iblcos+,O, 
161 sin+], and thus the components of & are 

+ 

Inserting it into (4) we obtain: 

1 1 
- cos' + + - sin' 4 
8 1  8 3  

J c o s ~ 4  + Lz sin24 
cost = 

1 

8 3  

or 

It is easily seen from (5a) that 5 can either be positive or negative 
depending on actual length of N 1  and N 3  axes. The angle $ is 
always meant to be positive and 4 < (7~/4), so that sin24 2 0. The 
sign of the angle f will be of some importance in further considera- 
tions. 

The result (5a) can be immediately verified by experiment. For 
this purpose the crystal plate is set over a small hole made in a sheet 
of thin opaque foil and viewed in a polarizing microscope in parallel 
light beam with the analyzer removed. In  the first orientation, 
Elly, only one spot is seen and in the second, E[/z ,  two spots are 
visible separated by Ax (Fig. 2). In  a 45" position both spots have 
equal intensities and Az can easily be measured. We have : 

+ * 

Experimental and calculated values of 5 are found to be in 
reasonably good agreement and are collected in Table 1 for a number 
of cases. Refractive indices and their orientation were taken either 
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154 M O L E C U L A R  C R Y S T A L S  

from Winchell,20 if available, or measured by means of the 
immersion method. 

2. Theory of the dichroic ratio 
Let us confine the considerations to the case shown in Fig. 1b for 

reasons which were outlined earlier. For the orientation $ 1 1 ~  the 
integrated absorption intensity of the unit cell can be written as 
follows : 

where N ,  is the refractive index along y, d is the thickness of the 
crystal, and k denotes a numerical factor which is of no significance 
for further developments. The directional cosines of can be 
expressed more exactly by introducing the orthogonal set of 
molecular axes K, L, and N. The direction of@for a non-degener- 
ate vibration in symmetry point groups of order higher than two 
can either be parallel to K, or L, or M .  Other possibilities will be 
discussed later. For a transition moment directed along the K axis 
we have: cos(??),y)= cos(K,y), and similarly for the other axes. 
Values of the directional cosines can be taken immediately from the 
structural data. 

In  the second orientation, $llz, first we have to write down the 
cosines of angles between zt and K, L, and M .  This is easily done 
by means of Table 2 in which the cosines are given of it and K ,  L, Af 

TABLE 2 Directional cosines of molecular axes 

X Y z 
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THE “ O R I E N T E D  G A S  M O D E L ”  155 

with respect to the x, y, x axes system. From the Table we find, for 
instance, that for a vibration with the transition moment directed 
along L the cosines between it and L will be : 

.+ 
cos(Et,Li) = cosf.cos(Li,z) +sin,$.cos(Li,z), 

for the “i”-th molecule in the unit cell. The f sign is connected 
with the sign of 5. Hence, the integrated absorption intensity in 
the direction ,$/jx for the molecular axis K is expected to  be : 

Aktheor) - . 2 [cos .$ cos(Ki, x) f sin f cos(Ki, z)]’ (8) N, .d  

where N ,  is the refraction index along x and 

fl; r N, 1 = (Ecos2$+-sinz+ 1 

Thus, for the expected dichroic ratio of a vibration with the 
transition moment directed along K we have : 

Similar expressions can be given for the molecular L and M axes 
and for other orientations of the indicatrix. Summation over ‘L i ’7  
extends over all molecules contained within the unit cell. If the 
crystal possesses a symmetry axis, certain Ki are symmetry related 
and the sums reduce significantly. I n  a case where two principal 
axes of the indicatrix are lying in the plane of the sample, i.e. = 0, 
we have ,$= 0, and (9) reduces to  an expression identical with (3a). 
I n  a more general orientation of the indicatrix i t  can be seen from 
(9) that the denominator contains at least two terms which can be 
of equal or different signs. This greatly influences the result 
obtained for dichroic ratio. 

By introducing the unit vectors k, I, m, corresponding to the axes 
+ - * +  
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156 MOLECULAR CRYSTALS 

+ + - b  

K ,  L, H, and unit vectors e,, e,, e,, corresponding to the axes x, y, 
and z, we can write (9) in a more compact form : 

i 
Similarly 

2 

and 

The application of (9) and (10) wil1,now be illustrated in several 
examples. 

3. Comparison with experiment 
(A) CASES WITH AXIAL TRANSITION MOMENTS 

In  these cases the molecular transition moment is directed along 
one of the principal molecular axes K ,  L,  or M .  For the purposes 
of illustration we have chosen two C-H combination vibrations 
observed in the near infia-red region in naphthalene crystals and 
the well-separated first overtone of NH2 antisymmetric vibrations 
in p-nitroaniline crystal. 

(a) Naphthalene 
Naphthalene crystallizes in the monoclinic crystallographic 

system, space group P2+, with two molecules in the unit cell. 
According to Winchell'O the crystal exhibits a perfect (001) 
cleavage. In  this orientation of the sample the direction of N s  
makes an angle of 9.5' with the crystallographic c-axis and an 
angle of ~$=p-90-9 .5=23 .3~  with the plate normal. At  this 
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T H E  " O R I E N T E D  GAS M O D E L "  157 

angle the direction of N ,  deviates from 2, whereas N211b lies in (001). 
According to this a large birefringence is observed across the plate 
causing a marked value of texp = 8.3" (Table 1). 

t 
E 

M 

Figure 3. Polarized absorption spectra of crystal plates : (a) naphthalene, 
(b) acetanilide, (c) benzamide. 

The combination bands, I@& +.$?A and && +$A, measured for 
@[b and $_Lb are shown in Fig. 3a. Their assignments and 
symmetry types are based on those given in 21 for fundamental 

K. A, sp 

(a) Naphthalene (b) p-Nitroaniline 

Figure 4. System of K ,  L, M molecular axes. 

transitions in naphthalene crystals. The band of higher frequency, 
5995 cm-l, corresponding t o  a symmetry type (blg)(bSu) = BZu, has 
the transition moment lying along the molecular L-axis (Fig. 4). 
Similar arguments applied for the second band leads to the result 
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158 MOLECULAR CRYSTALS 

that (uu)(b3,) =B3v has the transition moment directed along K. 
Taking the directional cosines of K ,  L, and M axes from structural 
datazz we can calculate the dichroic ratio for these two transitions 
by means of expressions (2), (3a) and (1Oa-1Oc). The results are 
shown in Table 3 in columns 4, 5, and 6, respectively, and the 
experimental values in column 7. For the B,, type the values 7.60 
and 6.94, given by earlier theories, are too high in comparison with 
experiment, whereas for the B,, type the values 0.19 and 0.17 are 
too low. This is due to the orientation of the indicatrix which has not 
been introduced into expressions (2) and (3a). We believe that the 
agreement between columns 6 and 7 could even be improved if an 
exact resolution of the overlapping bands had been introduced. 
Such a procedure is now being in progress by means of an electronic 
computer and the results will be reported in a separate paper. 

(b) p-nitroaniline 

The crystal of p-nitroaniline belongs to the monoclinic system, 
the space group being P 2,/n, with four molecules in the unit cell. 
A crystal of larger volume easily divides along (101)23 into thin 
plates of excellent transparency. According to this our reference 
axes system for dichroic ratios will be the b axis and a' = [loll. 

The refined crystal structure has been reported by Trueblood 
and collaboratorsz4 and the absorption spectra in the -NHz over- 
tone region by Rohleder and S ~ o s t a k . ~ ~  Among the observed 
absorption bands, of which nearly all show a marked splitting 
caused by strong crystal field, the overtone of antisymmetrical NHz 
vibrations is a well isolated band and its anisotropy can serve as a 
proof of our theory. The refractive indices are given after TanakaZ3 
in Table 1. Nzllb lies in (101) and { N , ,  x= { N , ,  z=+=l .Oo.  
Nevertheless, the birefringence is very high so that cobs = 1.3". 
The values of dichroic ratios are given in Table 3 and it can be seen 
that the value given in column 6 is nearest to the experimental value. 

(B) CASES WITH THE TRANSITION MOMENT LYING IN A PLANE 

If a molecule possesses as the only symmetry element a symmetry 
plane, uh, only two types of symmetry can result: A' and A", i.e. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
10

 1
7 

Fe
br

ua
ry

 2
01

3 



T
A

B
L

E
 3 

V
ib

ra
ti

on
 t

yp
e 

R$
:Ic

’ 
Rg

”’
 

R
gk

’ 
R

gP
’ 

Su
bs

ta
nc

e 
an

d 
sy

m
m

et
ry

 
u,,,, 

cm
-1

 
(a

ce
. t

o 
8)

 
(a

cc
. t

o
 1
5,
16
) 

(p
re

se
nt

 w
or

k)
 

(p
re

se
nt

 w
or

k)
 

N
ap

ht
ha

le
ne

 

p
-N

it
ro

m
il

in
 

A
ce

ta
ni

lid
e 

B
en

za
m

id
e 

v&
+ 

V~
A,

 
Bz
, 

59
95

 
7.

60
 

6.
94

 
4.

80
 

4.
51

 
0.

28
 

v,$
&

 + v
$&

, 
B

B
,, 

59
65

 
0.

19
 

0.
17

 
0.

45
 

0.
47

 
0.

06
 

(e
* 

~vY
N”.

,, A
1 

69
01

 
0.

37
 

0.
41

 
0.

45
 

0.
46

 
0.

02
 

2v
cr

r. 
A

’ 
59

80
 

0.
74

 
0.

69
 

0.
69

 
0.

70
 f
 0

.0
2 

0.
82

 +. 
0.

04
 

2~
0x

1 A
’ 

60
30

 
0.

93
 

0.
91

 
1.

28
 

1.
18

fO
.0

1 
1,

2,
4,

5-
T

et
ra

- 
v4

 f
 2
v:
,,
 E

 
56

70
 

0.
88

 
0.

86
 

0.
86

 
m

et
hy

lb
en

ze
ne

 
(d

ur
en

e)
 

* D
ic

hr
oi

c 
ra

ti
o 

in
 r

es
pe

ct
 to

 th
o 

b 
an

d 
a‘

=
 [

lo
ll

 a
xe

s s
ys

te
m

. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
10

 1
7 

Fe
br

ua
ry

 2
01

3 



160 MOLECULAR CRYSTALS 

the vibrations of the molecule can either be symmetrical or anti- 
symmetrical with respect to ah. The symmetrical vibration cannot 
be represented by a vector because the displacements of the atoms 
are all lying in a plane. We believe, therefore, that the anisotropic 
properties of such absorption bands should be treated by means of 
the position of the a h  plane, i.e. the directional cosines of a vector 
should be replaced in (9) by cosines of the u,, plane, or by the -sines 
of its normal, n, because of: 

cos(uh, x) = -sin(n, z), 

and similarly for y, z. Therefore, eq. (9) becomes : 

2 sin2(%, y) 
(11) 

The application of (1 1) will now be discussed with reference to three 
examples. 

(a) Acetanilide 
Acetanilide belongs to the orthorhombic crystallographic 

system and cleaves perfectly along (O01).20 In  this orientation 
4 = 0, and ( = 0, and the conformity with the simpler theory of 
Ward and Susi can be anticipated. This is, indeed, the case as is seen 
from Table 3, columns 5 and 6. The dichroic ratios are given for a 
2vCH overtone band shown in Fig. 3b. Both values, 0.69 and 0.69, 
equal each other and are quite close to the experimental value, 0.70. 
Owing to the fact that N 1  = 1.510 does not differ much from N 2  = 
1.620 the correction N z / N 1  is very close to unity and the result 
obtained from pure geometrical theory, given in column 4, does 
not deviate significantly from the correct value. 

(b) Benzamide 

Benzamide crystallizes in two polymorphic forms. Phase I ,  
stable at room temperature, is monoclinic, space group C;h with 
four molecules in the unit cell.26 The lattice parameters are as 
follows :26 

a = 5.59, b = 5.01, c = 21.93 A, = 90"45'. 

R(nh) = ___ Nz i 
lr" N y  cos (2  [cos fsin(ni, x) f sin (sin(ni, z)12 

i 
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T H E  "ORIENTED G A S  M O D E L "  161 

The molecules are asymmetric but are not far from planarity so 
that to each molecule a symmetry of the C, point group can be 
assigned. This is especially true in the benzene ring for the C-H 
vibrations which we cah divide into the planar (A') and non- 
planar (A") modes. The crystalline plates used in experiments 
were tested for the type of polymorphic form and for the orientation 
of the cleavage plane by means of X-ray method. The rotation 
photographs gave two periods of the following lengths : 

a = 5.62, and b = 5.04 A. 
This means that the samples examined were of the form I ,  and 
simultaneously, that the cleavage plane was (001). 

The optic plane is in this case (010) and 4 N 3 ,  z = r$ = 39" 15I2O 
which leads to an appreciable value of Ceerp= 8.6" (Table 1). The 
polarized absorption spectrum is shown in Fig. 3c and according to 
the results of Mann and Thompson2' the higher peak corresponds to 
a 2vCH overtone of the symmetry A'. The observed and calculated 
dichroic ratios are given in Table 3. It is worthwhile to note that 
according to earlier theories (columns 4 and 5) the calculated 
dichroic ratio, Rblca, is smaller than unity which leads to erronous 
conclusions. 

( c )  1,2,4,5-Tetrumethylbenzene (durene) 

In durene crystals the exact value of N ,  is unknown but it is very 
unlikely to exceed 2.0. Assuming this figure, and + = 0.9", we get 
from (5a) that &,eor=0.30. Experimentally, f is near to zero, and 
is too small to be measured exactly. Thus the optical properties of 
durene crystal correspond to a pseudo-orthorhombic crystal. In  
this case the corrections are of little influence on the numerical 
values of the dichroic ratio. As an example we consider an absorp- 
tion transition, u4 + 2v5, which is a CH,- combination tone of the 
E-type.l' The transition moment lies in the plane perpendicular 
to the C3 axis of the methyl group. Taking into consideration that 
to each molecule four methyl groups are attached the dichroism of 
an in-plane transition moment can be calculated in a manner similar 
to that used in previous examples. The results shown in Table 3 

11 
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162 MOLECULAR CRYSTALS 

point out to a satisfactory agreement between calculated and 
experimental values. 

4. Concluding remarks 
The examples discussed above clearly show that the introduction 

of the orientation of the indicatrix in the outlined manner leads to 
results which are in reasonably good agreement with experiment 
even in cases so far controversial. We feel that the oriented gas 
model can be supposed to hold exactly whereby the interpretation 
of absorption spectra of molecular crystals of unknown structure 
gains a more reliable basis. 
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