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A NEW METHOD FOR THE ESTIMATION OF NITROGEN IN
CELLULOSE NITRATE

C. V. PADMANABHAN* anp S. SUNDARAMS
Dept. of Chemical Technology, University of Bombay, Bombay-19

HE iwo methods commonly employed for

the estimation of nitrogen 1n cellulose
nitrate are: (i) The Lunge Nitrometer method 1
and (ii) The alkaline peroxide digestion or the
modified De Varda’s method.?2 In the former
method the nitrate groups are reduced to nitric
oxide (NQ) by the Hg-H,SO, system which is
then measured. In the latter method the cellu-
lose nitrate is dissolved by digestion with alka-
line hydrogen peroxide followed by 1eduction
with De Varda’s alloy. The ammonia formed
is estimated as usual. The De Varda's method
has been used by Davidson,® and Kenyon and
co-workers,? However, it is well known that
during the saponification of cellulose mitrate
by alkali the nitrogen is partly converted into
nitrite,5 cyanide,® nitrogen? and ammonia.’
Therefore it is likely that some lgss of nitrogen
may occur during the digestion in the second
method even though the losses may be minim-
ised on account of the presence of the hydrogen
peroxide. With a view to overcome this diffi-
culty, the method has been modified as fol-
lows: The sample is dissolved 1n concentrated
sulphuric acid. This solution is slowly added
to a strong solution of caustic soda in the dis-
tillation flask of the ammonia estimation appa-
ratus. The mixture is then treated with De
Varda’s alloy and the ammonia formed esti-
mated as usual. A number of samples of cel-
lulose nitrate have been prepared and analysed
for their nitrogen content by (i) Lunge’s
method, (i1) the modified De Varda’s method,
and (it} the new method.

EXPERIMENTAL

Preparation of Cellulose Nitrate.—Carefully
purified cotton yarn (2g.) cut to small bits
(< 1/16”) is immersed® in a mixture (100ml.)
obtained by mixing 1vol. nitric acid (sp. gr. =
1-52) and 2wvol. sulphuric acid (sp. gr. = 1-84)
maintained at 0° C. At the end of the requisite
period the cellulose nitrate is freed from the
spent acid by filtiration through a sintered
glass filter. The nitrated sample is then plunged
into a large volume of ice-cold water. The
product 1s washed free from acid by repeated
changes of water. The samples are dried by
exposure fo air and stored carefully.
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ANALYSIS OF CELLULOSE NITRATE SAMPLES

1. Lunge’s Nitrometer Method—A Lunge
Nitrometer calibrated to 50ml. in 1/10ml. is
used. The nitrometer ig filled with clean mer-
cury. About 100 mg. of the sample is accu-
rately weighed out into the cup of the nitro-
meter, It 15 then dissolved by the addition of
10 ml. of pure nitrogen-free concentrated sul-
phuric acid. The solution is then carefully
drawn into the nitrometer without drawing in
any air. The- cup is then rinsed with two or
three 2ml. portions of pure sulphuric acid.
FEach lot of the acid i1s drawn into the nitro-
meter before the next lot 1s added. The appara-
tus 1s then wvigorously shaken so that the mer-
cury and the acid are mixed thoroughly. After
allowing the apparaius to come to room tem-
perature the pressure of the gas i1n the nitro-
meter 15 brought to atmospheric by raising or
lowering the levelling tube. After the volume
1s measured the nltrometer is vigorously shaken
again and the volume of gas at room tempera-
ture and pressure measured. Usually there is
no change in volume.

2. Modified De Varda’s Method.—100 mg. of
the sample ig accurately weighed into a Kjel-
dahl flask. Then 2-3 ml. of ethyl alcohol, 20 ml.
ammonia-free distilled water, 5ml. 25-30%
H,O, and 4ml of 40% caustic soda solution
are added. The flask 1s thren heated on a steam-
bath till the sample is dissolved. It has been
noticed during the course of the present inves-
tigation that lower the nitrogen content of the
sample the Jonger is the time required for
digestion. The excess of hydrogen peroxide is
destroyed by heating on a steam-bath till effer-
vescence cCeases. The flask 1s then cooled to
room temperature and 15ml. of 40% caustic
soda solution and 100 ml. of ammonia-free dis-
tilled-water added. 1:5g. (60 mesh) De Varda’s
alloy is then added to the mixture and the
flask immediately connected to the ammontia dis-
tillation train. When the hydrogen evolution
has ceased (30 min.) the contents are boiled and
the ammonia evolved is estimated by absorp-
tion in standard hydrochloric acid (50 ml. of
0-04 N) containing 10 drops of the mixed indi-
catorl® and backtitrating the excess acid with
carbonate~free 004 N sodium hydroxide from
an automatic burette fitted with soda line traps.
A blank is carried out with the reagents used.
The mixed ipdicator'? is prepared hy mixing
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2ml. of aqueous methylene biue solution (1%)
with 100ml. of 0-049% solution of metbyl red
in 509% alcohol. The change at the end point
is from pink through grey 3o green and is
quite sharp. A blank is also carried out with
the reagents used.

3. The Proposed Method —100mg. of the
sample is accurately weighed and dissolved in
5 ml. of pure nitrogen-free sulphuric acid. The
solution is neutralised by slow addition through
a dropping funnel to a mixture of 30ml of
1:1 caustic soda seolution and 100ml. of
ammonia-free distill2d-water in the distillation
flask which is connect2d {o the ammonia distil~
Jation train. The funnel 1s then washed down
with two or three 2mi. portions 01 pure sul-
phuric acid, two 50 ml. portions of ammonia-
free distilled-water and o ml. of ANALAR ethyl

TABLE I

Estimation of nitrogen in cellulose nitrate. The

numbers given are the percentage of N, found
a4s an average of three measurements

in each case

Sample Lunge’s Modified De Proposed

namber method Varda’s method method
1 871 823 8.78
2 10-5 9-85 10-46
3 11-23 10-16 11.2
4 12-46 11:56 1243
5 12-86 1243 1293
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aleohol. The solution in the flask is pale yel-
low or practically colourless. De Varda’s alloy
(1-3g., 60 mesh) is introduced into the distil-
lation flask through a side tube which is im-
medtately stoppered. The evolution of hydro-
gen is complete in about half-an-hour. The
solucion is then raised to boil and the distilla-
tion con:nued for half-an-hour. All the ammo-
nia distils were over within this time. The
ammonia that distils over is estimated as de-
scribed previously. A blank is also carried out
with the reagents us=d.

The results are given in Table I. From the
results it can be seen that the proposed method
gives valuas in close agreement with those ob-
tained by the Lunge’s method. It is also
evident that the modified De Varda’s or the
alkaline peroxide digestion method gives con-
sistencly lower values,

1. Tke Methods of Cellu‘ose Chemstry. C. Dorée,
1947 edn., Chapman and Hall, p. 244,

2. —, lkd |, pp. 247-48.

3. G. F. Davideon, /. Zext [Inst, 1938, 29, 198T,

4. W. 0. Kenyvon anl Co-workers, /. Amer. Chem.
Soc.. 1947, 69, 342.

5 W 0. Kenyon an H. LeB. Gray 74i4., 1938, 58,
14292,

6. W. Will, Rer.. 1891, 24, 400.

7. C Haasserman, Chem Ztg., 1805, 29, 421,

8. A. Bechamp, Compte Renrfue 1853, 4%, 817,

9. I. Sakurada, Cellulosckhem . 1934, 15, 18 see also
Cellulose Chemistry, E. Heuser, 1944 edn., p. 184,
John Wiley,

10. A, C. Andersen and B, N. Jensen, Z. 4dnal, Chem.,
1931, 83, 114.




