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Using literature data for 23 1 organoboron compounds Lorenz-Lorentz and Eisenlohr 
refraction constants have been computed by least squares for seven species of boron 
bonds and for the C,, C,, bond. The coefficients of variation show that the Eisenlohr 
system is in definitely better agreement with the observed measurements. 

DURING recent years there has been a growing interest 
in the correlation of refractive index and structure of the 
liquid organic compounds of boron. The published work has 
been based exclusively on the classical Lorenz-Lorentz 
equation. In  1954, Torssell (59) derived values ranging 
from 3.05 to 5.27 for the atomic refractivity RL of boron 
in various types of compounds; subsequent values of 2.65, 
2.28, and 3.0 were proposed by Abel and others (2),  by 
Gerrard, Lappert and Mountfield ( 2 1 ) ,  and by Aubrey and 
Lappert ( 4 ) ,  respectively. 

In 1958, when the convenient and logical Denbigh bond 
refraction concept (13, 62) had attained wide acceptance, 
McCusker and Ostdick (45)  published values for the 
Lorenz-Lorentz refractivities of B-0 and B-Cl bonds, as 
did Hennion (27) for that of the B-C bond. In  the same 
year, Christopher and Tully ( I O )  calculated values for the 
refractivities of two boron-containing octets and of B-C,, 
and B-C ar  bonds. A more comprehensive study based on 
the literature data for 172 boron compounds was made in 
in 1960 by Weidmann and Zimmerman (651, who assigned 
refractivity values to six species of boron-containing octets 
and to three species of boron bonds. 

The present investigation was prompted by the suc- 
cessful utilization of the Eisenlohr molar refraction 
product (15) in conjunction with the Denbigh bond 
system in correlating refractive index with the structure 
of liquid organic compounds of phosphorus ( 5 4 )  and of tin 
( 5 5 ) .  Atomic, group, and bond values from Vogel’s tables 
(63 ,64)  have been used in this work for elements other than 

boron. The following special values for -CH and -C- 

groups and atomic values RL and R E  for boron were cal- 
culated by the least squares method from data on the first 
231 boron compounds in Table 11, including 16 for which 
no density measurements are available and which are 
perforce omitted in calculations based on the Lorenz- 
Lorentz equation: 

’Retired. Present address, 381 Winthrop Ave., New Haven 11, 
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I I 
I 

Atomic Refractivity Atomic Refraction 
Group or Atom (Lorenz-Lorentz) Constant (Eisenlohr) 

3.66 22.80 
I 

-CH 

-C- 

B 
I 

2.50 24.57 

3.44 19.41 

More usefulness and interest attach to the corresponding 
bond values. Thanks largely to Torssell’s work (59) on 
tolyl derivatives of boron, sufficient data are available for 
least squares computation of values for the C d-C ar bond, 
which is not included in Vogel’s table (64) ,  as well as for 
the seven species of boron bonds listed in Table I .  

In  view of the almost universal adoption a t  the present 
time of the Denbigh bond mode of correlation, and in order 
to save space, the results based on the atomic and group 
parameters are omitted form Table 11, which presents 
literature data and observed molar values for each com- 
pound listed, together with molar values calculated from 
the bond parameters of Table I in accordance with the 
Lorenz-Lorentz and with the Eisenlohr systems. For an 

Table I. Calculated Parameters 

Bond Refractive 
(Lorenz-Lorentz) 

Bond Refraction Constant 
(Eisenlohr) 

Bond 

c a r c a r  
B-C al 
B-C a1 
B-C1 
B-F 
B-N 
B-0 
B-S 

No. of 
Iterations Value 

32 1.424 
159 2.032 
61 3.068 
64 6.946 
13 1.681 
59 1.958 

303 1.613 
15 5.378 

No. of 
Iterations 

33 
165 
61 
64 
13 
65 

332 
17 

Value 
14.26 
13.59 
16.74 
56.30 
26.98 
14.90 
17.27 
33.77 

244 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



z" 

VOL. 8, No. 2, APRIL 1963 245 



. . . . . . . . . . . . .  
- - i i i d i i , - i i i i  

$ 
G 
h 

-3 

a 

u 

246 



VOL. 247 



248 

c _- 
cf 

2 m 
4 
3 

h 0  

? ?  
h l m  O N  

. .  
i- 



m 

0 

9 3 

249 



N 
N 
0 
i 
m 

L? 
d 
". 
i 
u3 

I -  I 

II 

250 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



impartial comparison of the four systems, the coefficient 
of variation for each is shown: 

Refractivity Refraction Product 
(Lorenz-Lorentz) (Eisenlohr) 

Atomic (and group) 0.254 0.086 
Bond 0.196 0.049 

The superiority of the empirical Eisenlohr system over 
that of Lorenz-Lorentz is thus indicated to be even greater 
than that of the bond over the atomic system. 

A cursory glance a t  the data for the 12 tolyl derivatives 
(Nos. 98 to 109) shows unmistakable dependence of the 
numerical values for the C al-C ar bond on its ring position. 
I t  seems highly probable that future investigation based 
on a comprehensive study of aromatic compounds will 
substantiate and amplify this observation. 

After the completion of the above work, least squares 
computations were repeated in which 30 boroxin and 
borazine derivatives (Nos. 232 to 261) were added to the 
first 231 compounds of Table I1 in order to ascertain 
whether distinctions should be made between cyclic and 
acyclic B-0 and B-N bonds. The results indicated small 
differences but were so inconclusive that no purpose appears 
to be served a t  present in assigning special values to the 
bonds of ring atoms. Hence data for these cyclic derivatives 
are listed separately in Table 11, and the parameters of 
Table I were tested further by calculating coefficients of 
variation for the cyclic compounds alone: 

Refractivity Refraction Product 
(Lorenz-Lorentz) (Eisenlohr) 

0.103 0.073 

Omitting Compound 256, for which there is a large dis- 
crepancy in the calculated Eisenlohr refraction product, 
the coefficients are 0.103 and 0.049, respectively. 
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