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Table I. Bromate Remaining after Boiling 
Concentration, 

PH Millimole/Liter 

2.0 0.10, 0 . 0 5 ,  0 .00  
2.05  O.OG, 0.14, 0.02 
3.0 0.14, 0.15, 0.16 
3.0a 0.13, 0.06, 0.07 
4.0 O , l 6 ,  0 . 1 2 ,  0.13 
4 . 0 a  0.10, 0.09, 0 . 0 8  

4 Phenol wae added to these solutions. 

Table 11. Ratios of Peak Heights 
Pure ELhylene 

Mass Numbers Broinidr Gas from Trap 
79/81 
93/95 
107/109 

1.0 
1 . 5 8  
1 oti 

1.0 
1.26 
1 06 

a Consolidated Engineering Corp. Model 21-103 mass spec- 
trometer. 

A Beckman Model H pH meter was used for determination of 
pH. Polarograms were measured with a Sargent Model I11 po- 
larograph. 

DISCUSSION 

At each pH used, the concentration of bromate remaining after 
boiling was estimated by comparison of the diffusion current with 
diffusion currents obtained with similar solutions containing 
added bromate. Results for cases in which bromine was added 
before acidification are given in Table I. In all cases where 
bromine was added after acidification no detectable difference 

was found between blank run9 and those with bromine added. 
The half-wave potentials of the solutions to which bromine had 
been added were the same as for similar bromate solutions within 
0.01 volt. These results indicate that bromate is formed in 
alkaline solution and is not completely removed by boiling. 
Evidence that the oxidizing agent is a bromine compound rather 
than iodate formed from iodide in the reagents is shown in Tablr 
11. 

The material in the trap had the same mass spectrum a> 
ethylene bromide and no indication of any iodine compound R a. 
found. Because of difficulties with absorption in the mass epec- 
trometer inlet system, mass spectra were not used for quantita- 
tive measurements of bromine. 

From the above it appears that oxidation of iodide to iodate 
by bromine must be carried out after acidification to avoid thr 
formation of bromate which is difficult to remove and whicli 
would interfere with the titration of the resulting iodate. 
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Separation of Fluoranthene and Chrysene by Molecular Distillation 
ALDO CANTONI’, JULIAN FELDMAN2, and MILTON ORCHIN3 
Synthetic Fuels Research Branch, Bureau o f  Mines, Bruceton, Pa, 

separation and purification of polynuclear hydrocarbons THE by crystallization are t’edious and often unsuccessful becauso 
of the tendency of such compounds to form solid solutions. Sep- 
aration by conventional fractional distillat’ion a t  reduced pressurc 
frequently leads to difficulties owing to the high melting points 
of many of these hydrocarbons, which solidify and clog condens- 
ers, stopcocks, and receivers. The successful isolation of cor- 
onene from coal-hydrogenation oil by a codistillation techniquc: 
( 9 )  in the molecular still prompted an investigation into the gen- 
eral applicability of the tool for separating mixtures of poly- 
nuclear hydrocarbons. 

The method that may be used for separating closely related 
polynuclear hydrocarbons is a modification of the technique of 
molecular distillation devised by Hickman and called ”analytical 
distillation’’ (6, IO). In this procedure, the substance under in- 
vestigation is dissolved in a solvent (carrier oil) and subjected to 
repeated distillations in a cyclic molecular still. Successive dis- 
tillat,ions are performed at progressively higher temperatures. 
The rate of elimination of solute is proportional to the product of 
its concentration and its dLtillahilit,y. The latter is a function of 
its vapor pressure and increases ait,h temperature, but the coil- 
centrat’ion of solute decrearcs as  the distillation proceeds. .% 
plot of the concentration of solute in the distillate as a function 
of temperature has been proved experimentally ( 2 )  and theo- 
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Present address, University of Cincinnati, Cincinnati, Oliio. 

retically (6) to resemble a prolrdbilitj distribution curve This 
curve is called the “elimination curve” of the substance. Under 
strictly standardized conditions, the temperature a t  which the 
distillate contains the maximum concentration of solute (elimi- 
nation temperature) is reproducible to within 1’ or 2’. Thus, 
the technique may be used as an analytical tool for the identifica- 
tion of the solute (3, 6, 7 ) .  

The object of the present investigation was to determine the 
elimination curves of the two closely related polynuclear hydro- 
carbons fluoranthene and chrysene and to attempt their separa- 
tion by molecular distillation. The difference between the elimi- 
nation temperatures of two wiilar materials may conceivably 
he increased by: 

Dilution of the mixture that is to be separated with a com- 
pounded carrier medium having the same distillability as the 
mixture. This technique, called “amplified distillation,” has 
been successfully employed by Weitkamp (11 ) for the separation 
of methyl esters of fatty acids. 

Use of an azeotrope-forming carrier which has a selective 
affinity for one of the components or which forms azeotropes with 
both components, the difference in distillability of the azeotropes 
being greater than the differenre in distillability of the 
two pure components. Aieotrope formation at very low pressures 
has yet to be definitely demonstrated 

Gradual reduction in cvcle time as the distillation progresses 
This device might shift the elimination temperature of the more 
volatile component to a lower value, once the distilland is freed 
of this component, the elimination temperature of the other 
component may be shifted to .I higher value. This method has 
been studied by Embree (?) 
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'Table I .  Molecular Distillation of Fluoranthene 
(Experiment 1) 

Grams 

Rotor Fraction Fluoranthene 
T,emp.. Pressiirr, Weight. Concn., Weight, 

F'ra<.tiun C .  P H V  (:rams % Grama 
1 80 37 1 5 . 3  2 .48  0 38 
2 90 29 3 0 . 2  2.96 0.89 
3 100 34 .j6,j 3 . 3 8  I .91 
4 110 38 111 .6  3 .31  3 . 6 9  
5 120 34 9 9 . 3  2 .73  2.71 
6 130 89 42.2 1 . 9 5  0 . 8 2  
7 140 3.5 45.9 1.32 0.81 
8 150 34 31.2 0.99 0 .31  
9 160 82 31 . O  0.11 0 . 0 3  

10 170 34 35 .0  0 .07  0 . 0 3  
I 1  180 34 5 0 , 8  0 . 0 5  o 03 

Kesidur 187 .5  
Loss 12 .6  
Total 749.9 11.41 

The most suitable cairlm oilb for thc hydrocarbons appeared to 
t w  polyglycols, which arc cwnimercially available in a wide 
variety of molecular-weight ranges and are soluble in water, 
thereby facilitating the recovery of hydrocarbon material. Fur- 
t hermore, hydrooarbons frequently form azeotropes with glycols 
and are appreciably soluble in  glycol^, even a t  room temperature. 

EXPERIRIESTAL 

Materials. A t,echnicaI grade of fluoranthene manufactured 
tBy the Reilly Tar and Chemical Corp. was used. Ultraviolet 
spectrophotometric analysis showed that it contained 94.21% 
of fluoranthene and 1.0170 of chrysene; the balance of the 
material was not characterized because it did not interfere in any 
way. The technical grade chrysene manufactured by t'he Reilly 
Tar and Chemical Corp. contained 96.49% of chrysene and 3.51y0 
of fluorant,hene. Polyethylene glycols 200, 300, and 400, and 
tetraethylene glycol, manufactured hy the Carbide and Carbon 
Chemical Co., were used; tlir numbers following the name of the 
glycol refer to the average molecular weights. 

Distillations were conducted in a 
wntrifugal; cyclic, hatch, molerular ?till, Type CMS-5, manufac- 
tured by Distillation Products;, Inr. The polynuclear compounds 
were dissolved in glycol and sucked into the glass reservoir of the 
still. After degassing a t  a rotor temperature of 50" to 70" C. 
the pressure was decreased and the temperature of the rotor was 
fixed for the collection of the first fraction. (Pressures mere deter- 
mined by a MacLeod gag?: the Pirani gage furnished with the 
molecular still performed unsat)isfactorily.) \Then degassing 
was complete, internal recycling was stopped by closing the ball 
valve and opening the stopcoclr to t'he distillat'e receiver. This 
operation started a cycle which mded when all the liquid had 
passed over the rotor and the residue had been collected in the 
aluminum cup. The residue was allowed t80 drain back into the 
glass reservoir, and a second cycle was started. The second cycle 
was complete when all the liquid had again passed over the rotor. 
.4t this moment, internal r ling was resumed; the first dis- 
tillate fraction, collected du the two full cycles, was removed. 
.\ neJv distillat'e receiver was connected and evacuated by means 
of a side line. When t,he rotor reached the next predetermined 
temperature, internal recycling was stopped and collection of the 
second frartion was started. Distillation rate and cycle time 
\WYP determined by means of R stopwatch. 

Apparatus and Procedure. 

.ill but, the last fractions Tvere rollected in this way. The last 
fractions, usually not more than three in each run and containing 
virtually no detect)able amounts of polynuclear compoundsJ werc 
collected by allowing unint'errupted recycling for a time approxi- 
mately equal to that taken for collecting the previous fraction. 
The technique was changed because the time intervals gradually 
decreased as the amount of material in the still was reduced so 
t,hat, while collection of the first fraction required about 30 min- 
utes, the last fractions were collected in less than 5 minutes, and 
t,he first and second cyclcs could not be segregated. 

Analytical Method. All fractions )!ere analyzed with a Heck- 
man ultraviolet spectrophotometer Model DU. Samples of 
about 1 gram of polyglycol containing a small quantity of oly 
nuclear hydrocarbon were diluted with 95% ethyl alcohol rben: 
zene-free), and each reading mas corrected for absorbance by thc 
glycols. This correction is significant for concentrated eolutionq. 

The ultraviolet hprctra of pure fluoianthene and pure chrysmc 
xere determined and found to be identical with those previousli 
~rpor ted  (4 ) .  Determination of the amount of hydrocarbon in :i 
solution containing only one hydrocarbon requires one absorbance. 
measurement; values a t  360.0 nip for fluoranthene and 267.3 mp 
Jor chrysene were used. For determining the composition of :I 

Iirixture of the two hydrocarbons, the concentration of each wak 

0 
80 100 I20 140 I60 180 200 

TEMPERATURE, 'C. 
Figure 1. Eliniination Curve of Fluoranthene 

._ ~ 

Table 11. Rlolecular Distillation of Chrysene 
(Experiment 2) 

Giaiiis 
c liaigi, Polyethylene glycol 200 225 0 

Polyethylene glycol 300 202 0 
Polyethylene glycol 400 200 0 
Chrysene 0.300 -_ 

627.3 
Rotor Fraction - Chrysene- 

Temp., Pressure, Weight, Concn.. Weight; 
1 ' r ~ r l i f ) l I  "C. p Hg Grams 572 Mg 

I 
2 
3 

1 1  
12 
13 
1 4  
1 T  
I f ,  
17 
18 

lle?idiic 
Loss 
Total 

80 
90 

100 
110 
120 
130 
140 
150 
160 
I70 
180 
190 
200 
210 
220 
230 
2 i 0  
2.50 

85 
78 
85 
74 

108 
99 
95 

102 
102 
101 
103 
108 
105 
1 n3 

i 1 a 
140 

3 0  
l i  , 2 

12 7 
2 4 . 2  
45.2 
42 .4  
2 9 . 1  
31.1 
36.1 
? 0 . 4  
.is 0 
:35  3 
44 7 
'42.0 
45 1 
, 4 i  8 
2 8 . 4  
23 .1  
32 2 

4 . 4  
ti27 3 

0,0087 
0,0080 
0.0099 
0 0179 
0 0306 
0 0590 
0 0979 
0 1151 
0 1484 
0 1454 
0 0925 
0 0708 
0 0365 
0 0072 
0 0040 

0 0018 
0 0021 

0 0044 

0.21; 
0 .50  
2 . 1 7  
4.33 

13.77 
25.02 
28.40 
35 ,  ?!I 
.!3 . ,57 
38.74 
31 .3li 
24.99  
10.32 
3 . 0 2  
1 . 80  
2 . 1 0  
0.51 
0 . 4 9  

303 
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Table 111. Molecular Distillation of Mixture of Fluoranthene and Chrysene 
(Experiment 4) 

Grams 
Charge. Tetraethylene glycol 386.9 

Polyethylene glycol (16O0-185' st 1-lop) 386 .9  
Fluoranthene 1,1029 
Chrysene 0.2917 

775.1946 

Rotor Fraction Fluoranthene Chrysene Fluorant hene 
Temp., Pressure, Weight, Concn , Weight, Concn.. Weight, (Glycol-Free 

Fractlon C.  p Hg Grams X 102 70 mg x 103 % mg. Basis), % 
1 
2 
3 
4 
5 
2 
8 
4 

10 
11 
12 
13 
14 

Residue 
Loss 
Total  
a Valuer 

100 
100 
100 
110 
120 
130 
140 
150 
1 60 
170 
180 
140 
200 
210 

1 7 . 0  
1 5 . 0  
1 6 . 0  

1 . 2  
0 . 4  
0 . 0  
2 . 6  
0 . 8  
1 . 7  

1 o : o  
4 .0  
2 . 5  
3 . 5  

64 .1  
7 5 . 8  
5 7 . 6  
8 7 . 4  
51.1 
3 5 . 4  
1 9 . 0  
1 8 . 4  
2 9 . 9  
3 9 , 2  
62 .5  
71 .5  
8 8 . 6  
3 2 . 9  
28 .3  
16 .6  

7 7 5 , 3  
after fraction 10 are inaccurate 

34.44 
30.08 
28.23 
2 0 , 4 8  
22.9H 
19.51 
11.36 
5 . 9 7  
2 . 9 0  
1.18 
0 .64  
0 .40  
0 . 3 0  
0.81 

220 .76  
228.01 
162.61 
231 .44  
117.17 
69.07 
21 38 
10 94 
8 02 
4.63 
1 00 
2.813 
3 . 4 0  
2.7R 

17.52 
23.94 
26.31 
47.80 
8 6 , 5 6  

159.02 
183.70 
137.27 
6 2 , 2 3  
20.60 

5 .73  
1 . 8 7  
0 .94  
0.49 

11 .23  
18.15 
18 .16  
41 .78  
44.23 
56.29 
34 .90  
25 .26  
1 8 . 6 1  
8 . 8 0  
3 . 5 8  
1 . 3 4  
0 . 8 3  
1 . 6 1  

1088.01 281 .05 

because of interfering absorbance of polyglycol. 

95 15 
92 62  
91 47 
84 71 
72 60 
55 10 
38 21 
30 32 
31 
30 430 

Figure 2. Elimination Curve of Chrysene 

calculated from the observed absorbances a t  267.3 and 310.0 
r n w  by means of the simultaneous equations: 

A26i.3 = 568.848 c + 45.300 

A 3 a o . o  1.724 c + 38.300f 

where c and f are the concentrations of chrysene and fluoranthene 
in grams per liter, and Am and .4aao.o are the observed absorb- 
ances of the mixture a t  the wave lengths noted. The measure- 
ments a t  both wave lengths must be made (or adjusted) to the 
same dilution. The coefficients of c and f are the four specific 
extinction coefficients (4) (absorbance in a 1-cm. cell per concen- 
tration in grams per liter) for the two pure hydrocarbons at  the 
two chosen wave lengths. ,411 measurements were made in a 
1-em. cell and concentrations were chosen to  give absorbance 

values in the range 0.2 to 0.9. 
KO normalizing factors n-ere 
employed. 

Experiments. The elimina- 
tion curve at  30- to 35-micron 
pressure secured with 12 grams 
of fluoranthene in 750 grams of 
a mixture of glycols is plotted 
in Figure 1 from the data in 
Table I. 

A solution of 0.3 gram of 
chrysene in 627 grams of mixed 
glycols was distilled a t  ap- 
proximately 100-micron prw- 
sure with the results shown in 
Table I1 and Figure 2. 41- 
t,hough the pressure in this es- 
periment was higher than that 
in Experiment 1, the difference 
in elimination temperatures 
was great' enough to  assume 
t,hat separation of the two hy- 
drocarhons is possible a t  the 
loJver pressures. Accordingly, 

the following experiments were performed. 

A mixture of 1.2 grams of fluoranthene and 0.3 gram of chrysene 
was diluted with 800 grams of a solvent mixture containing 
equal parts of tetraethylene glycol and polyethylene glycol 200, 
300, and 400, and distilled a t  a pressure of 50 to 80 microns. 
The elimination temperature for fluoranthene was 110" C. and 
that of chrysene was 150" C. Seventy-six per cent of the fluor- 
anthene was recovered with an average purity of 92%: 48% of 
the fluoranthene had an average purity of 95%. 

A mixture of 1.1 grams of fluoranthene and 0.29 gram of 
chrysene was distilled from 793.8 grams of a solvent containing 
equal parts of tetraethylene glycol and a polyethylene glycol 
fraction boiling a t  160" to  185" C. (1 to 10 microns). The first 
three fractions were collected at  a constant rotor temperature of 

0 I I I I 
80 100 120 140 160 180 200 220  

TEMPERATURE,'C. 

Chrysene 3Iixture 
Figure 3. Molecular Distillation of Fluoranthene- 



V O L U M E  26,  NO. 8, A U G U S T  1954 1377 

1 0 0 ”  C .  a c c o r d i n g  t o  t h e  
following technique. The con- 
densed distillate was recycled 
to  the reservoir, while the 
residue was collected in the 
cup until approximately half 
the material remained in the 
reservoir. -4t this point the 
recycling of distillate was dis- 
continued and the fraction was 
collected until the reservoir 
was exhausted. The contents 
of the residue cup were then 
returned to  the reservoir and 
the process was repeated a t  
the same rotor temperature 
for the next fraction. This 
procedure served to concen- 
trate the fluoranthene before 
the product w a s  c o l l e c t e d .  
Unfortunately, chrysene was 
also concentrated a t  this rotor 
temperature. The remaining 
fractions u-ere collected in the 

Table  IV. Molecular Disti l lat ion of l l i x t u r e  of Fluoranthene and Chrysene 
(Experiment  5 )  
Grains 

Charge. Fractions 7-14 of Experiment 4 344 7 (containing 58.95 mg. of fluoranthene 
Polyethylene gljcol 200 345 2 and 94 21 mg. of chrysene) - 

689 !I 

Rotor Fraction Fluoranthene Chrysene Chrysene 
Temp.,  Pressure, Weight, Concn., Weight, Concn.,  Weight, (Glycol-Free 

Fraction O C.  LI H g  Grams X lo3 70 mg. x 103 % rng. Basis), ’% 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Residue 
Loss 
Total  
a Valuer 

80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

200/220 

I after fra 

2 . 3  
8 . 2  

1 2 . 0  
5 . 8  
5 . 3  

1 3 . 3  
3 . 7  
2 . 2  
9 . 5  
7 . 9  
7 . 8  

1 1 . 0  
2 0 . 0  

47 .3  
61 . O  
52 .4  
46 .3  
42 .6  
3 9 . 3  
3 4 . 6  
36 .9  
4 4 . 8  
9 1 . 3  
58 .2  
52 .1  
36 .3  
2 0 . 8  
2fi n 

12 .34  
18 .57  
22 .27  
23.68 
15 .33  
8 .40  
4 .76  
3 .66  
2.79 
4 .73  
1 . 7 4  
I . 77  
3 .28  

5 .84  
11 .33  
11 .67  
10 .96  

6.53 
3.30 
1 .65  
1 . 3 5  
1 .25  
4 .73  
1.01 
0 92 
1 . 1 7  

2.29 
5 .58  

12 .30  
24.64 
45.59 
52.15 
38.93 
17.52 

5 . 6 8  
1 . 1 8  
0 .74  
0 .43  
0 . 5 8  

1 08 
3.40 
6 . 4 5  

11.41 
19.42 
20.50 
13.47 

6.47 
2 .54  
1 . 0 8  
0 .43  
0 . 2 2  
0 21 

_ _ . I  
689.9 61.71 8 6 .  H8 

&ion 9 are inaccurate because of interfering absorbance of polyglycol. 
usual way. The results are ____ 
given in Table 111 and Fig- 
ure 3. 

Fractions 7 through 14 from esperiment 4 (from 140” C.) were 
diluted with an equal volume of polyethylene glycol 200 and dis- 
tilled in the usual fashion. The results are shown in Table IV 
and Figure 3. Of the chrysene (21% pure, solvent-free basis) 
originally charged to  the still in experiment 4, 5.5y0 was recovered 
with an average purity of 90% and 25% with an average purity 
of 82%. Chrysene n-as recovered from the fraction collected a t  
its elimination temperature by precipitation with water, extrac- 
tion with benzene, evaporation of the benzene, solution with 
alcohol, and precipitation with water. The crude product was 
filtered, washed with ethyl alcohol, dried, and sublimed. I ts  
melting point was 253 to 265 C. [literature 254.1 to  254.4’ ( I ) ] ,  

DISCUSSIO\ 

The rebults demonstrate that it is possible to  separate fluor- 
anthene and chrysene by dissolving the mixture in a suitable 
polyglycol mixture and subjecting the solution to molecular dis- 
tillation in a cyclic still. The very low pressure possibly has 
the effect of increasing the relative volatility of the mixture of 
hydrocarbons. T o  attempt was made to determine whether 
true azeotrope formation occurred or ahether there was only 
codistillation of solute and solvent. The major component of 
the mixture (fluoranthene) was recovered in good yield and was 
fairly pure. Repeated distillation R as necessary to  secure rel- 
atively pure chrysene. The rate of product removal in experi- 
ment 4 nas  excessively rapid for the first fractions; about 200 

15 61 
23 08 
35 60 
51 01 
74 84 
86.13 
89 09 
82.74 
67 02“ 

drops were collected per minute, which is four times as much &B 

recommended for good results. Hickman and Trevoy (8) have 
recently pointed out that  very small rates (1 to  10 drops per min- 
ute) are sometimes conducive to  high relative volatilities (“super- 
alphas”). By changing the molecular weight distribution of the 
glycols one should be able to avoid the excessive rates of distil- 
lation experimced here. 

LITERATURE CITED 

“Elsevier’s Encyclopedia of Organic Chemistry.” Yol. 14, p. 
343, New York, Elsevier Publishing Co., 1940. 

Embree, N. D., I n d .  Eng. Chem., 29, 975 (1937). 
Fletcher, G. L., Insalacoo, M., Cobler, J. G., and Hodpe, H. C., 

Friedel, R. ii., and Orchin, M., “Ultraviolet Spectra of Aromatio 

Gray, E. L., Hickman, K. C. D., and Brown, E. F., J .  I\-utrition, 

Hickman, K. C. D., I n d .  Eng. Chem., 29, 968 (1937). 
Ibzd., p. 1107. 
Hickman, K.  C. D., and Trevoy, D. J., Ibad., 44, 1903 (1952). 
Orchin, 11.. and Feldman, J., J. Org. Chem., 18, 609 (1953). 
Perry, E. S., in “Technique of Organic Chemistry,” A. U’eiss- 

berger, Ed., Vol. IV, Chap. VI, New York, Interscience Pub- 
lishers, Inc., 1951. 

d w i L .  CHEY., 20, 943 (1948). 

Compounds,” Xew York, John Wiley & Sons, 1951. 

19, 39 (1940). 

Weitkamp, A. W., J .  A m .  Chem. soc. ,  34, 236 (1937). 

RECEIVED for review M a y  21, 1953. Accepted April 8, 1954. 

Analytical Applications of the Cyanohydrin Reaction 
W. J. SVIRBELY and JAMES F. ROTH 
Department o f  Chemistry, University o f  Maryland, College Park, Md. 

ECEKT work ( 1 )  on the kinetics of cyanohydrin formation R has shown that in buffered acetate media both propion- 
obtain information about the completeness of reaction, the f d -  
lowing procedure u’as used. _ _  

altlrhyde and acetaldehyde react quantitatively with hydrogen 
cyanide. These rate studies suggested that certain analytical 
applications could be devised-namely, the quantitative analysis 
for halide ions in the presence of cyanide and the quantitative 
determination of acetaldehyde and propionaldehyde. 

Twenty-five milliliters of 0.12N aldehyde solution (an excees) 
 ere added to 10 ml, of a 0 . 2 ~  solution of sodium cyanide. The 
solution \vas acidified w<th 6 ml. of 6N nitric acid. On the ad& 
tjon of 0.liV silver nitrate, a precipitate was formed in the case 
of the acetaldehyde and propionaldehyde solutions but not in the 
case of formaldehyde solutions, indicating that the reaction wm 
complete only in the latter case. 

The procedure was modified for propionaldehyde and acetalde- 
hyde solutions as follows: six drops of bromocresol purple 
indicator ( P ~  range 5,2 to 6.8) were added to a solution containing 

inetantaneous. However, a t  this pH the equilibrium would be an aldehvde and sodium cvanide. The solution was slowlv 

EXPERIMENTAL 

A t  the pH of sodium cyanide solutions, the reaction is almost 

ehifted and the reaction might not be quantitative. In  order to titrated with 0.lN nitric acid over a 10 to 15minute interval t-b 


