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The react ion of quinoline with bromine in ni trobenzene solvent is investigated using the properties of 
isomolar  series. These properties, viscosity, conductivi ty,  density, depression of the freezing point, 

are determined using a constant molar  concentrat ion of CoHTN +Brg, 0.05 per mole  of C6HsNO~. It is 
shown that the ni trobenzene solution of quinoline forms with bromine a complex with the composit ion 
CgH ~ �9 Br 2. The molecular  conduct ivi ty of this complex in nitrobenzene solvent increases with di lut ion.  

According to the l i terature,  bromine and quinoline form crystal l ine compounds of the compositions CgHTN �9 Br~ [1] 
and CgHTN �9 2Br 2 [2]. It was shown in paper [3] that bromine solutions of quinoline conduct an e lec t r ic  current rather 
well ,  but the system is unstable,  and the conductivi ty decreases with t i m e .  Evidently the appearance of conduct ivi ty on 
mixing the two nonelectrolytes Br~ and CgHTN is due to formation in solution of a current-conduct ing complex of unde-  
termined composit ion.  

Table  1 

Viscosity (~/), Density (d), Specif ic  Electr ical  Conduct ivi ty (k) and 
Freezing Point Depression (At)  of the System CgHTN-Br~-C6HsNO 2 for 
Isomolar Concentrations of CgHTN + Br2 of 0.05, per 1 Mole C~HsNO~, 

Temperature  18" C 

Quinoline 71 x 10 z 
mole  % d, poises At" 

0.0 
12.20 
27.37 
35,75 
43.29 
52.32 
65.28 
79.01 

100 

1.2380 
1.2372 
1,2360 
1.2350 
1.2344 
1.2270 
1,2189 
1,2111 
1.1980 

2.020 
2.120 
2.226 
2.325 
2.345 
2,350 
2,333 
2,261 
2,210 

k • 104 

o h m ' l ,  c m ' l  

0 
3.84 
5,51 
6,32 
6,46 
6.89 
5.91 
4,00 
0 

2.78* 
2,44 
2.08 
1,90 

1.56 
1.88 
2.20 
2,78* 

* Theore t ica l  ca lcula ted  values.  

Table  2 

Specif ic  (k) and Molar (~) Electr ical  Conductivit ies of CgHTN �9 Br~ 
Solutions in Nitrobenzene at 18" C 

Concentrat ion 
CgHTN �9 Br2, % 

0.65 
1,24 
1,91 
2,55 
3.18 
3.81 

k • 104 

ohm- ~ �9 c m -  J 

0.895 
1.47 
2~25 
3.11 
3.53 
4.01 

36850 
19200 
12400 
9165 
7580 
6200 

Ix 

3.30 
2182 
2.79 
2.85 
2.63 
2.48 

Concentrat ion 10 4 I k x 
CgI-IrN �9 Brz, %~hm - i  . e ra  -1 

I 
4.49 4.59 
6.03 6.31 
9.34 8.70 

29.16 28.15 
34.37 31.42 

5330 
3860 
2485 
744 
623 

~t 

2.44 
2.43 
2.16 
2.09 
1.96 
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According to our investigations, pyridine and bromine in nitrobenzene solvent form a complex of composit ion 
CsHr, N �9 2Br~ [4]. Natural ly for comparison it was of interest to study the react ion of quinoline with bromine in the same 
solvent.  This study is further important  because the conductivi t ies  of bromine solutions of quinoline and pyridine are not 
inferior to the conductivit ies of aqueous solutions of some typ ica l  e l e c -  
trolytes,  though the d ie lec t r ic  constant of bromine is 8 .18,  while that 
of water is 80. In this connection, a study has now been made of the 
react ion of quino!ine with bromine in ni trobenzene solvent, using the 
properties of isomolar series: conductivi ty,  viscosity, density, and 
depression of the freezing point of solutions for a constant molecular  
concentration of CgHTN + Br 2 per 1 mole  of ni t robenzene,  v iz .  0.05.  

The nitrobenzene was purified as described in [5], and dried 
over P205. Mater ia l  which dist i l led at  constant temperature  was stored 
in sealed ampuls.  Quinoline was dried over potassium hydroxide,  dis- 
t i l led,  and stored in the same way as the ni trobenzene.  Bromine was 
purified as described in [6], dried over P2Oa, and dist i l led over BaO 
and CaBr z. It was col lec ted  in drawn-out test tubes which were sealed 
immed ia t e ly  they were full.  

The solutions were prepared as in [4]. It is character is t ic  
that  on passing from the concentrat ion of bromine being higher 
to the quinoline concentration being greater,  the color changed 
from orange to straw yel low.  Viscosity and density were de te rmin-  
ed as described in [7], while conduct ivi ty was measured as in [8]. 

The measurements were made at three temperatures,  18 ~ C, 
25 ~ C, and 30 ~ C. The e l ec t r i ca l  conduct ivi ty changes with t ime ,  

especia l ly  with increase in temperature ,  e . g . ,  at quinoline con-  
centrat ion 52.32 mole  % and bromine 47. 689 ,  at 30 ~ C, after 
an hour the e lec t r i ca l  conduct ivi ty  changed from 8.6 X 10 "z to 
9.8 • 10 -4, after 20 hr it  reached 10.7 X 10 -4 ohm -t �9 cm -t . 

The e lec t r i ca l  conduct ivi ty was investigated only at 18 ~ C and 
25 ~ C. As bromine reacts with plat inum black ,  the measure-  
ments were made in an Arrhenius eel1 with unplat inized plat inum 
electrodes.  

The cryoscopic measurements were made with a Beckmann 

apparatus using the same isomolar  concentrations.  The solution 

was stirred with a p la t inum stirrer [4]. The results of the measure-  
ments are shown graphical ly,  and given in Table 1 for one of the 

temperatures.  

Plots 1 and 4( f igure)  show that maximum conductivi ty and 
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Relationship between (1) specif ic  e l e c -  
t r ica l  conduct ivi ty,  (2) viscosity, (3)  den-  
sity, (4) f reezing point depression and the 
rat io  of the components CgH?N and Brz 

in the system CgHTN-Br2-C~HsNO ~. 

min imum freezing point depression for the solutions occur at the same rat io of components in the system. The slight 
viscosity maximum (plot  2) and bend on the density plots (3) correspond to about the same ratio of components.  These 

results confirm that using ni t robenzene as a solvent, bromine and quinoline give a complex of composit ion CgHTN �9 Br z. 
It is character is t ic  that quinoline and IC1 also form an equimolecular  complex [9]. In the same solvent pyridine and 

bromine give a complex C~tsN" 2Br 2 [4]. 

To determine  the effect  of dilution on th~ molar  e l ec t r i ca l  conduct ivi ty of the complex established in benzene,  

the way in which that property varied with dilut ion at 18 ~ C was invest igated.  

First, some ni t robenzene was poured into the Arrhentus ce i l ,  bromine was added,  followed by an amount of quin-  
oline ca lcu la ted  to correspond to a complex composit ion of CgHTN " Bri. The substances were weighed out. After making 
the first conduct ivi ty measurement ,  a def ini te  amount of ni t robenzene was added, and another measurement  made ,  3 - 4  

dilutions being used in a l l .  Then another solution was made up using a different concentrat ion of compIex,  and 
measurements made as before,  at a number of dilutions, and so on. It must be mentioned that the e lec t r i ca l  conduct ivi ty 

is somewhat t ime-dependen t ,  causing the points on the plot to be scat tered.  The data obtained are shown in Table  2. 
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To ca lcu la te  molar  conductivit ies,  densities of  some solutions of  different concentrations were measured at 

18 ~ C: 

CsHrN" Br2, % 0.65 1.24 2.55 3.81 6.03 9,34 29.16 34.37 

d4 1.2075 1.2107 1.2167 1.2278 1,2415 1.2519 1.3340 1.3580 

A graph was plotted from these results, and densities required for the calculat ions obtained from it by in te rpo la -  
tion. 

The results in Table  2 show that the specific e lec t r ica l  conduct ivi ty increases with increase in concentration of 
C,HTN �9 Br 2, while the molar  e l ec t r i ca l  conduct ivi ty increases with increased dilut ion,  i . e . ,  for the part icular  concen-  
trat ion region the ordinary relationship between molar  e l ec t r i ca l  conduct ivi ty and dilut ion is found. 

The plots for the systems studied do not show special  points corresponding to Lyubavin and Crimaux's  complexes .  
Apparently such complexes do not exist in dilute ni trobenzene solutions of quinoline plus bromine,  
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