
Boston University

OpenBU http://open.bu.edu

Boston University Theses & Dissertations Dissertations and Theses (pre-1964)

1962

X-Ray diffraction study of pyridine boron trichloride

https://hdl.handle.net/2144/24356

"Downloaded from OpenBU. Boston University's institutional repository."



BOSTON UNIVERSITY 
GRADUA'l'E SCHOOL 

Thesis 

X-RAY DIFFRACTION STUDY 
OF PYRIDINE BORON TRICHLORIDE 

by 

STEPHEN A. BRENNER 
(A.B., Boston University, 1959) 

Submitted in partial fulfillment of the 
requirements for the degree of 

Master of Arts 
1962 





Table 

I 

II 

LIST OF TABLES 

Comparison of B-N and B-F bond distances, 
L F-B-F and 6 H of donor-acceptor compounds 
structurally determined by x-ray • • • • 

Heats of reaction of boron halides with 
nitrobenzene, with pyridine and with 
pyridine in nitrobenzene •••••••••• 

Page 

6 

10 

III Theoretical and experimental results of 
quantitative chemical analysis of pyridine-

IV 

boron trichloride • • • • • • • • • • • • • • 23 

Systematic absences of c5H5N-BC13 with 
corresponding operators • • • • • • • • • . . 28 

V Crystal data for c
5

H
5

N-BC13 • • • • • • • • • 33 

VI Scaling constants for films taken around 
the a and c axes • • • • • • • • • • • • • • • 35 

VII Sealing constants for L. P. Output • . . • • • 37 

VIII Possible Cl-Cl peaks on the Harker plane 
and on the Harker line • • • • • • • • • • • • 43 

IX 2 Values of sin )-1- for Lorentz-polarization 
calculation • • • • • • • • • • • • • • • • • 48 

ii 



LIST OF ILLUSTRATIONS 

Figure Page 

1. A projection of the interatomic bonds 

in C 
5

H
5

N-BF 
3 

• • • • • • • • • • • • • • • • • 15 

2. Dimensions of crystal (Preparation 5) 

oriented around the a axis • • • • • • • • • • 

3. Dimensions of crystal (Preparation 5) 

oriented around the c axis • • • • • • • • • • 

4. Arrangements of symmetry elements in 

the space group • • • • • • • 

6. Wilson Statistical Plot • • • • • • • • • • • 

25 

27 

29 

30 

40 

42 

iii 



CONTENTS 

Introduction • • • • • • • • • • • • • • • • • • • 

Preparation of Crystal for X-ray Analysis • • • 

Determination of Space Group and Accurate Unit 

• • 

Cell Determination • • • • • • 

Preliminary Structure Calculations 

1. Collection of Intensity Data 

• • • • • • • • • 

• • • • • • • • 

2. General Structural Considerations •• • • • • 

3. Three-Dimensional Sharpened Patterson Map 

Appendices 

Appendix I IBM Programs for Crystallo-

• • 

Page 

1 

20 

28 

34 

38 

39 

graphic Calculations • • • • • • • 45 

Appendix II Observed Structure Factors • • • 50 

Appendix III Detailed Calculations For 

Determining Accurate Cell 

Dimensions . • • • • • • • • • • • 75 

Bibliography • • • . • • • • • • • • • • • • • • • • • 79 

Abstract 

iv 





INTRODUCTION 







nitrogen atom seems able to coordinate regardless of whether 

it is ammonia, an alkyl amine, an aromatic amine, a cyanide, 

nitrile or nitrogen tetroxide. 

Data from studies of the trichlorides of Group III with 

pyridine (8} indicate that in general, the larger the atomic 

number of the Group III acceptor atoms, the greater the num-

ber of pyridine molecules with which the boron trichlorides 

can coordinate. Boron trichloride forms a 1:1 complex with 

0 pyridine with a melting point of 115 , and there is an in-

dication of formation of a 1:2 compound BC1
3

2c
5

H
5
N which 

0 melts incongruently at 56 and which does not exist in the 

liquid state. Aluminum trichloride forms both 1:1 and 1:2 

complexes with pyridine (9,10} and also a 1:3 complex (10). 

Gallium trichloride forms 1:1 and 1:2 complexes but no 1:3 

complex (11,12). In each case the 1:1 complex is the more 

stable. Studies with Indium trichloride show that it forms 

no 1:1 or 1:2 complexes with pyridine, but it does form 

8. Greenwood, N. N. and Wade, K., J. Chem. Soc., 1134 
(1960). 

9. Eley, D. D. and Watts, H., J. Chem. Soc., 1914 (1952). 

10. Van Dyke, R. E. and Crawford, H. E., J. Am. Chem. Soc., 
z.2., 2022 (1951). 

11. Greenwood, N. N., Wade, K., Perkins, P. G., I.U.P.A.C. 
Congress (Inorg. Chem. Sec.) Paris, 491 (1957). 

12. Greenwood, N. N. and Wade, K., J. Chem. Soc., 1663-1671 
(1958). 
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TABLE I 

GOMPARISON OF B- N AND B- F BOND DISTANCES, L. F-B-F , AND 6 H 
OF DONOR-ACCEPTOR COMPOUNDS STRUCTURALLY DETERMINED BY X-RAY 

1 . 

2. 

3. 

4 . 

5. 

6. 

7. 

••• 

• 

•• 

••• 

B .. N B-F L F-B-F D. H* 

i i cal/ mole 

NH
3

BF
3 

1.60 1.38 111° 42,000 

NH3BH3 1.60 

(CH
3 

)NH2BF 
3 1.57 1.39 110.5° 42,700 

(CH
3 

)
3

NBF 
3 1.585 1.39 107° 

(CH
3

)
3

NBH
3 1.585 

CH
3
CN-BF

3 1.33 114° 26,000 

c
5

H
5

NBF
3 1.53 1.41 109.5° 

BF3 1.30 120° 

Heat of dissociation of the solid compound in the 

reaction AB(s) = A(g) + B(g) 

Heat of dissociation of the gaseous compound in the 

reaction AB(g) = A(g) + B(g) 

Reference No. 5 

AH .. 

cal/ mole 

17,000 (26 ) 

28,ooo<27 > 

50,6oo<28) 

6. 
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just as the c-c bond in ethane may be compared with that in 

diamond. Geller also suggested that since the B-N bond in 

H2MeN-BF
3 

has the same length as that in cubic boron-nitride, 

it should be considered as a single bond. Then the other 

donor-acceptor bonds would be either longer (weaker) or short-

er (stronger) than a single bond. 

The studies by Hoard, Geller and co-workers (22) provide 

evidence that the length of the donor-acceptor bond varies 

with the character of the substituent groups attached to the 

donor atom. For example, the difference between the average 

value 1.58i of B-N bond distance in the three relatively stable 

amine boron trifluorides and the 1.635i in the quite unstable* 

H3ccN-BF3 (Table I) is significant and correlates with the 

relative stabilities. The shortest B-N bond distance observed 

in any of the complexes, 1.53i, is .03i greater than the 1.5oi 

value predicted by Schomaker and Stevenson (24). 

Changes in the B-F bond distances of the BF
3 

molecule 

with formation of the donor-acceptor bond also depend on the 

relative stability of the resulting complex. The BF
3 

molecule 

• In contrast to the three amines, the methyl cyanide 
complex is completely dissociated into its components 
at 50 ° C • (Ref • 19 ) • 

24. Schomaker, V. and Stevenson, D. P., J. Am. Chem. Soc., 
63, 1394 (1941). 

?. 
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around the boron atom, and the empty orbital can accommodate 

an electron pair. As the boron atom of the BF
3 

molecule accepts 

a lone pair of electrons from the nitrogen atom of the planar 

pyridine molecule, the bonds of the BF
3 

molecule will change 

from planar to tetrahedral while the hybridization changes 

from sp2 to essentially sp3 • This constitutes the donor-

acceptor B-N bond between the BF3 molecule and the pyridine 

molecule. The preceding facts may also apply to pyridine-boron 

trichloride. 

The 1:1 addition compound pyridine-boron trichloride was 

first reported by Gerrard and Lappert (43). Greenwood and 

Wade (8) were the first to report a structural investigation 

of pyridine-boron trichloride. Their studies showed that the 

physical properties of the four compounds boron trichloride-

pyridine and piperidine and gallium trichloride-pyridine and 

piperidine are remarkably similar. The physical properties 

of pyridine-boron trichloride and piperidine-boron trichloride 

were compared with those of the reacting components, BC1
3

, 

pyridine and piperidine (11) and it was found that the melting 

point, density, surface tension and viscosity were increased 

by complex formation. The studies made by Greenwood and Wade(l2) 

on pyridine and piperidine-gallium trichloride gave similar 

43. Gerrard, W. and Lappert, M. F., J. Chem. Soc., 1020 
(1951). 

16. 



results. They considered the most striking effect of complex 

formation to be an increase in electrical conductivity in the 

4 molten state by a factor of 10 as compared with the conduc-

tivity of the components. In the absence of direct evidence 

as to what ions were present and the extent of dissociation, 

four possible structures were inferred for c
5

H
5

N-BC1
3

, the 

most favorable one to be selected by a process of elimination. 

It seems of interest to examine these possible structures 

individually, since they are pertinent to the structure 

determination reported here. In considering the following 

structures one should bear in mind that the compound in the 

molten state and the compound in the solid state do not 

necessarily have the same structures, so that the possibil-

ities are to be considered separately for each state of ag-

gregation. 

Structure I 

I The simple 1:1 complex structure in which the N lone pair 

of electrons is donated into the vacant boron orbital is 

unsatisfactory for the molten state because it does not 

explain the high electrical conductivity. However, for 

solid pyridine-boron trichloride, a detailed examination 

of the infrared spectrum (8) shows that its structure is 

17. 







PREPARATION OF CRYSTALS FOR X-RAY ANALYSIS 

For the structural study of pyridine-boron trichloride 

the following crystals were used. They are numbered for con-

venience in designating the particular preparation being dis-

cussed in later parts of this thesis. 

Preparation 1. This preparation was obtained through 

the courtesy of Professor F.G.A. Stone of Harvard University. 

It was prepared by direct reaction of the components in a 

vacuum line and subsequent recrystallization from water. The 

crystals were very small, thin, transparent flakes which were 

slightly hygroscopic. A powder diagram of this material was 

taken with the Norelco Diffractometer since no usable single 

crystals were found in this preparation. 

Preparation 2. This substance, likewise obtained from 

Professor Stone, differed from the first one in that it had 

been purified by vacuum sublimation rather than recrystal-

lization. The crystals were much larger than those of prepa-

ration 1, viz. approximately of a size 4 x 3 x 2 mm., general-

ly rectangular in shape and colorless. These crystals were 

exceedingly hygroscopic, which necessitated using a special 

dry box technique to transfer the crystals from their container 

to a thin-walled glass capillary (44). A rotation photograph 

44. McGandy, Edward L., Ph.D. Dissertation, Chem. Dept., 
Boston University (1959). 
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from benzene and transparent, colorless crystals were ob-

tained. The crystals were in the form of plates of a size 

up to 5 x 4 mm. and 1 mm. thick. They can be grown even 

larger if this should be necessary. These crystals were 

non-hygroscopic. The melting point was determined at 115°C 

which is in exac.t agreement with the literature value (46). 

The infrared spectrum was also found to be identical with 

that reported in the literature (46). The compound prepared 

as described above was submitted to the Schwarzkopf Micro-

analytical laboratory in New York for quantitative chemical 

analysis. The results obtained were in excellent agreement 

with the theoretical values as tabulated in Table III. 

TABLE III 

Theoretical Value Experimental Value 

% c 30.59 30.68 

% H 2.57 2.62 

% N 7 .13 7.20 

% Cl 54.19 54.19 

A powder diagram of this material was also obtained and was 

found to be similar to those taken from the material in 

46. Greenwood, N. N. and Wade K., J. Chem. Soc., 1131, 1135 
(1960 ). 

23. 






























































































































































