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*2.1 p.p.m. of the true value better than 99 times out of 100. 
This is also an indication of the sensitivity, in that a single 
determination might show no glyoxalidine when, in fact, 2 p.p.m. 
are actually present. Honever, if a number of determinations 
are made on samples from the same batch, there is good assurance 
that a sensitivity of 1 p.p.m. or less might be achieved. 

Synthetic samples also were prepared from canned cherries, 
using fruit known to be free from glyoxalidine residues. The 
amount of pure heptadecylglyoxalidine added and that recovered 
by analysis are shown in Table 11. 

In the case of samples A to E, application of the t test a t  the 
1 % level of probability indicates a significantly low recovery. 
This is probably due to  the introduction of a constant error- 
e.g., in the preparation of the synthetic samples. Thr  high 
recoveries obtained on samples G and H indicate that the modi- 
fied procedure is inherently as accurate as t h a t  used for the 
analysis of apples. 
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Determination of Divinylbenzene in Dehydrogenated 
Diethylbenzene 

ROLAND P. MARQUARDT AND E. N. LUCE, The Dow Chemical Co., Midland, Mich. 

LMER ( 4 )  in 1895 reported that styrene reactedwithnitrous S"" oxide to form the styrene nitrosite. Wieland (6) in 1903 
verified Sommer's ohpervation. Little if any information is re- 
ported in the literature about the reartion of nitrous oxide with 
ethylvinyl1)enzene and divinylbenzene. Wallach ( 5 )  identified 
various terpenes by means of the physical properties of their 
crystalline nitrosites produced hy the addition of nitrous oxide to 
the douhle bonds. Bond (1 )  developed a method for the gravi- 
metric determination of styrene as the st,yrene nitrosite in various 
gasoline fractions; his procedure for producing the nitrosites in a 
Tutwiler buret was adapted with modifications for t~he determina- 
tion of divinylbenzene H P  d 

OUTLlNE OF 31ETHOD 

The main constituents of dehydrogenated diethylbenzene are 
divinylbenzene, ethylvinylbenzene, and diethylbenzene. 

Sit,rous oxide, produced t)y the addition of dilute sulfuric acid 
to an aqueous solution of sodium nitrite, is added to the double 
honds of the dehydrogenated dirthylbenzene to form the pseudo- 
nitrosites ( 3 ) .  The reaction with ethylvinylbenzene and divinvl- 
benzene under the conditions outlined is probably as follows: 

?io NO? 

/1CH==CH2 '*C,H, + ?;LO3 -e- ij"k1-hH2 CnHo 

so  NO* 
I 

/\C€I=CH, 

In certain Skellysolves and toluene, in which the reaction is 
carried out, m-ethylvlnylbenzene pseudonitrosite is a readily 
soluble oil or solid, 0- and p-ethylvinylbenzene pseudonitrosites 
are soluble crystalline solids, and divinylbenzene pseudonitrosite 
is an insoluble solid which is filtered off, dried in vacuum, and 
weighed. The per cent divinylbenzene is then read from a graph 
prepared by the analysis of known solutions of divinylbenzene in 
diethylbenzene and ethylvinylbenzene. 

REAGENTS 

Sodium Sitrite. Prepare a saturated solution by dissolving 144 
grams of sodium nitrite in 168 ml. of water. 

Sulfuric Acid. Dissolve 1 volume of concentrated sulfuric acid 
in 4 volumes of water. 

Skellysolve C. A mixture of aliphatic hydrocarbons having a 
boiling range of 86" to 100" C. 

Skellysolve F. d petroleum ether having a boiling range of 
30" to 60" C. 

Toluene, technical grade. 
Acetone, technical grade. 

41'1'ARATUS 

Tutwiler buret, 1OO-in1. size, having a 3- to 4-nim. bore lower 

Vacuum pump fitted ~ i t h  a manometer and drying tower filled 

Fritted glass crucibles, 30-ml. size and medium porosity, with 

Vacuum desiccator, filled with anhydrous calcium chloride. 

stopcock. 

with dscarite. 

a 30-ml. Griffin beaker which will fit inside the crucible. 

Inasmuch as divinylbenzene has found an increasing 
use in various manufacturing processes and is pro- 
duced by the dehydrogenation of diethylbenzene, a 
direct analytical method for determining this prod- 
uct in the presence of other unsaturates is desirable. 
A procedure was developed in which nitrous oxide is 
added to the double bonds, producing the pseudo- 
nitrosites. Under the conditions described, only the 
pseudonitrosite of divinylbenzene precipitates; it 
is determined gravimetrically. The per cent divinyl- 
benzene is read from a graph prepared from data ob- 
tained by analysis of known solutions. The accuracy 
of the method is within *0.5% of the absolute value. 
As far as is known, the described procedure is the 
only one available for the direct determination of 
divinylbenzene in the presence of other unsaturates, 
especially styrene and styrene derivatives such as 
a-methylstyrene and isomers of ethylvinylbenzene. 
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Table I .  Data Used for Preparation of Figure 1 
Pseudonitrosite. Pseudonitrosite, 

% Grams AI-. Grama 
Known DVB (0.5-Gram Sample) (0.5-Grain Sample) 

z Y 
m 

3 
2 
< 

A N A L Y T I C A L  C H E M I S T R Y  

freezing point method. The diethylhenzi~ne was plant grade, 
predominantly the mpta isomer, and free of unsaturation. 

Equal volumes of na-ethy1vinylt)enzene and diethylbenzene 
were mixed together making a solution considered to contain less 
than 0.1 % divinylbenzene. Solutions containing known con- 
centrations of divinylbenzme were then prepared by diluting 
weighed portions of the 98.7y0 sample of divinylhenzene with 
weighed portions of this 50-50 solution. 

The known solutions were then analyzed by the described pro- 
cedure and the data for the graph, Figurc 1 ,  as shown in Table I ,  
were obtained. 
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60.29 
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31.31 
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3.24 
Nil 

0 40 I 
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1 044 
0 Si3 
0 680 
0 454 
0 337 
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0 0616 
0 0044 
0 0023 
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PROCEDURE 

Place an accurate1 ghed 0.99- to 1.01-grain sample of dc- 
hydrogenated diethy&z:ene in a 50-ml. glass-stoppered volu- 
metric flask and make to volume wit'h Skellysolve C. 

Evacuate the bulb of the Tutwiler buret, pour 10 ml. of satu- 
rated aqueous sodium nitrite into the graduated part of the Tut- 
wiler buret, and draw the solution into the bulb. Wash out the 
graduated buret with wat,er. Evacuate and pipet a 25-ml. aliquot 
of the sample into the bulb. Then add 25 ml. of toluene. 

Evacuate 
the bulb to 12 cm. of pressure, add 1, to 2 ml. of sulfuric acid to 
the contents of the bulb, and shake vigorously. After all the lib- 
erated nitrous oxide has reacted with the dehydrogenat,ed diethyl- 
benzene, add about 1 ml. of sulfuric acid and shake the buret 
again. Continue adding similar portions of sulfuric acid and 
shaking the buret until a pressure develops in the bulb.' 

Release the pressure, re-evacuate to 12 em. of pressure, and 
continue the addition of 1- to 2-ml. portions of sulfuric acid until 
a pressure develops again. 

Repeat t,he above operation for the third time; then reniove 
the excess sulfuric acid and wash the graduated buret with water. 

Caution. Wear goggles while adding the sulfuric acid, as it is 
possible to develop enough pressure to loosen t)he Ftopcocks and 
spray out the contents of the buret. Aft,er a little practice, how- 
ever, this rarely happens. 

Filter off the precipitate using a fritted-glass crucible which has 
been tared with a 30-ml. beaker. Wash the bulb of the buret with 
10 ml. of water and then add the water to the precipitate. klasti- 
cate the precipitate thoroughly with a rubber policeman and 
filter off the water. Repeat three times with 10-nil. portions of 
water. 

Wash the bulb of the buret and masticate the precipitate with 
10-ml. portions of Skellysolve F as was done with the water. 
Filter off the wash solution. Repeat with two more 10-nil. por- 
tions of Skellysolve F. Wipe the crucihle clean and dry overnight 
in the vacuuni desiccator. 

Dissolve the precipitate remaining in the bulb of the buret with 
2 to 3 nil. of acetone and pour the solution into the 30-ml. beaker 
that was tared with the crucible. Wash twice with similar por- 
tions of acetone and combine the washings with those in the 
beaker. Dissolve any precipitate remaining on  the rubber police- 
nian wit,h acetone and add to the washings. Evaporate the sol- 
vent and dry the beaker at a temperature not over 35" C. 

Place t,he beaker in the crucible on top of the precipitate of 
divinylbenzene pseudonitrosite and weigh. Obtain t,he net 
weight of diviny1t)enzene pfieudonitrosite. 

Fill the graduated buret with dilute sulfuric acid. 

CALCULATION 

Calculate the per cent divinylbenzene in the sample in the 
following manner: 

= wt. of Ket wt. of divinylbenzene pseudonitrosite 
sample wt. 

divinylbenzene pseudonitrosite per 0.5000-gram sample 

Read the per cent (by weight) divinylbenzene from t'he graph. 

PREPARATION OF GRAPH 

The divinylbenzene used titrated 201.80/, as ethylvinylbenzene 
by the mercuric acetate method for determining unsaturation ( 2 ) .  
Infrared analysis showed but a small amount of ethyl group pres- 
ent. Assuming this ethyl group to be present as ethylvinylben- 
zene, the only major impurity, the calculated composition of the 
sample was 98.7% divinylbenzene and 1.3y0 ethylvinylbenzene. 
The meta isomers of the two compounds predominated. 

The m-ethylvinylbenzene assayed 99.7% as determined by the 

Figure 1. Standard Curve for Per Cent Divinylbenzene 

The per cent divinylbenzcw: versus grams of divinylbenzrne 
pseudonitrosite were plotted on ordinary coordinate graph paper. 

.i:xALyrrCAL D A T ~  

T o  test. the analytical procedure for reproducibility of results 
for divinylbenzen~,,'Pcver:tI samples of known concentrations of 
the 98.7% divinylbenzene in the 50-50 solution of m-ethylvin,~-l- 
benzene R-ere prepared. These knowis 5vvre analyzed by the de- 
scribed procedure and the per cent divinylbenzene was read from 
the graph. The analyticaal results obtnined are shown in Table 
*T  

11. 

INTERFERENCE OF ISOMERS i(NU OTHER STYREYES 

When this analytical procedure ivas used on 99.7% m-ethyl- 
vinylbenzene, 0.0018-gram of precipitate per 0.5000-gram sample, 
equivalent t,o 0% divinylbenzene, was obtained. Thus, this 
compound does not interfere in any concentration. 

a-Llethylstyrme, 98.6Yo hy mercuric acetate procedure, gave 
only 0.0013 gram precipitate per 0.5000-gram sample equivalent 
to 0% divinylbenzene, and thus likewise provides no interference. 

With 99.1 % o-ethylvinylbenzene and 99.7% p-ethylvinyl- 
benzene, as determined by the free.zing point method, 0.1577 and 
0.3796 gram of precipitatc, equivalent to 18.6 and 34.7% divinvl- 
benzene, respectively, were obtained from 0.5000-gram samples. 
These results showed that the pseudonitrosites of these isomers 
are sparingly soluble in the solvent mixture and will interfere 
with the determination of divinylbenzene if present in too high a 
concentration. 

Similarly, styrene, 99.674 by freezing point met!iod, produced 
0.6510-gram precipitatc per 0.5000-gram sample, and will thus 
interfere if present in too large amounts. 

T o  determine how much c-ethl-lvinylbenzene, p-ethylvinyl- 
benzene, and styrene may be present before erroneous results are 
obtained, known amounts of these compounds were added to 
dehydrogenat,ed diethylbenzene containing 49.0y0 divinylben- 
zene, and analyzed. The results are shown in Table 111. 
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Thus, f o r  h:rnnples containing 25 to 30YG or mort' of di\-inyI- 
benzenr, at Iclast 40y0 of either o-ethylvinylbenzene or p-ethyl- 
vinylbenzene may be present without affecting the analytical 
results. Likewise, almost 10% of styrene may be tolerated. A 
conihiticd total of a t  least 40% of the ortho and para isomers of 
c.thylvinylhcrixcne and 5$Z0 of styrene mag be present in similar 
(.oiic.enti,:itionr ~f divinylbenzene without interference. 

I Iowever, for low percentages of divinylbrnzene, these com- 
pounds should he present in smallrr amounts to he sure of no 
interfcrcnw. T:II)IP IT' s h o w  rrsults vi th  known solutions of 
t,hrse compourids in diethyllwnzrnr : aniourits Fhon-ri in knoivn 6, 
T:thlc IV,  may be considered safe maximum limits. 

.$ti i y lana t ion  of why larger amounts of styrene, o-ethylvinyl- 
t x m m i i ~ ,  :uid p-cthylvinylbenzrnr may Iw present without ana- 
lytical intrrfcrence i n  the saniplcs containing over 25% divinyl- 
Iwnzenr than in the samplw rontnining little or no divinyl- 
I)cwzenc,, :IS shown by the data in Talilrs 111 ant1 I\., has not been 
vc'rifird l)y esperinient. 
.Z 10.2% solution of diviii?-lbc.nzc,nr niatlr I)>- diluting a por- 

tion of the 49.0yG sample with diethylbenzcmc, and a 10.0% EOIU- 
tion madr Iiy diluting another portion of the same sample with 
~~~-eth~-lvitiylt~ciizene, were prrparrd On analysis by this proce- 
durr, the knou.ri solutions wet'(' found to rontain 8.6, 8.2. 0.7, and 
9.2% diviriylhenzrne, respertivelg.. This indicates that varia- 
ti or1 P in the ?a tio of In-ethj.lvinj-1 hrm xrrir to die th yl ben z rn  r do 
riot niatrrially affect the results for tiivitiyllirnzrnr. 

63 1 

Table IV. Analysis of Diethylbenzene Solutions Con- 
taining o-Ethylvinylbenzene, p-Ethglvinylbenzene, 

and Styrene 

1 0 . 4  

1 <i , 0 

.3.; , 8 

. I f .  2 

r, 6 6 . 7  

fi 86 5 

t i 0  
6 2  
A . 3 

35 6 
3 6 . 3  
86 4 

4 5 . 1  
44 .  ,j 
44 6 
6 6 . 1  
6 5 . 4  
6 6 . 5  

86 8 
87  1 
86 6 

l'ahle 1 1 1 .  Analysis of Di\ inylbenzene Solutions Con- 
taining o-Ethj Itinylbenzene, p-Eth) Ivin) Ibenzene, 

and St?rene 

4 

1 X ! l  8 

a . .  

7 

8 

I 1 

. .  . . .  
, . .  . . .  

9 . 9 1  

. . .  . .  

I L i  . . .  

. . .  . . .  

39.4  , . .  

, . .  i o  on 

. .  .i 4 

19 4 5 4 

. ,  -10 0 

-14 1 43 8 
4 3  8 

44 1 43 9 
43 3 

3 8 . 9  37 8 
38 6 

89 3 39 7 
39 4 

2 9 . 3  2E.7  
2 9 . 5  

29.B 2 9 . 8  
2 9 . 7  

-14.1 4 5 . 0  
4 5 . 5  

16 4 46 4 
46 2 

2 6 . 9  26 3 
26 3 

99 0 5 7  99 7 9  99 6 %  
o - ~ ~ ~ o  p-ET.B Styrene DVB n vl3 
Idded ,  Added, Added, Present, 1 ound, 

K n o u n  o-EV13 ( I  p-CVB % Styrene I ? 
1 4n R I  Nil Sll 

2 i r )  I Si1 lj R 
0 8  

.'3 . . .  . .  10 7 Si1 4 . 4  
4 . 1  

4 ... . .  3 j Si1 Nil 
1 20 1 19 7 3 6 Nil 8 . 0  

8 . 0  

1% 10 .2  7 8  2 . 0  Nil Nil 

DISCUSSION 

IYith stywnr, it is t)r~licvrti that the principal product ip  the 
psrutionitrosite (3, 6 ) :  

NO NO? 

Qc II=C I r? + s20, + 

Analysis of thr ~)srudonitrositc> of styrene showed that 14.5'% 
nitrogen u-as present, which is somewhat less than the theorct,ical 
value of 15.6%. Theoretical per cent nitrogen for the peudo-  
nitrosite of the ethylvinylbenzene is 13.5; for the pseutionitro- 
sites of o-rthylvinylbenaene and p-ethylvinylbenzene, thr  por 
cents nitrogrn found were 12.6 and 13.4, respectively. Theory 
for the pwudonitrosite of divinylbenxene is 19.9 whereas the p r r  
cent nitrogrn nctudly found was only 16.2. Inasmuch as srveral 
days elapsed lirtn.een the prcparation and t,he analysis of most of 
these pseudonitrosites, the IOK results for nitrogen are prohahly 
due to the slow decomposition of these compounds a t  room 
temperaturr. .\ rlosrd bott,le containing these compounds often 
will have oxides of nitrogrn in i t  after a period of time. 

As the pure isomers of divinylbenzene were not available (the 
dehydrogenated diethylhenxene contains over 70% of mcta 
isomers) it was not determined whether equal amounts of each of 
the three possililc isomers of divinylbenzene would yield the same 
weight of precipitate with the addition of nitrous oxide. How- 
rver, it is helievcd that the difference, i f  any, would be negligible, 
and in most of the samples the meta isomer predominates uni- 
formly. 

Samplrs containing less than 6YG divinylbenzene may be 
analyzed by first enriching with a known amount of divinyl- 
benzene. The per cent of this compound in the original sample 
can then be calculated. 

In  general this method is applicable to the determination of 
divinylbenzrne in the presence of many other olefinic compounds, 
wprcially styrene arid styrene derivatives such as a-methyl- 
styrrnr and the isomer? of ethylvinylbenzene. The avrragcs 
value obtained from duplicate determinations by this method can 
reasonably t ie especteti to determine the per cent diviny1l)enarne 
in a sample of deh>.drogrnated diethylbenzene within i-0..iYG of 
the absolute value. 
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