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Abstract

Curing the period indicated above we have made a large
number of yield measurements for the formation of nitric oxide
in an electric discharge, ''e have tested thoroughly the simple
analytical method selzcted as most suitable for our purposes,
So far we have been able to obtain steadily increasing degrees
of conversion and yiclds of nitric oxide ver XWH of power con=
sumed in the discharge. As a mattcr of fact, using a gas mixture
of equal volumecs of nitrogen and oxygen, we have obtained a
reactor cxhaust containing about 16 volume per cent of nitric
oxide at 2 power yield of 50 grams of nitric acid per XYH con-
sumede A beginning has been made towards a kincetic analysis of
the rcecactions taking place and detcrminatibn of their rates as
functions of power input, averagce pressurc, gas flow rats, gas
composition a2nd other wvarinbles. As n general summary thz re-
sults obtaincd so far indicate definitely that the higher the
flow rate and the powcr input, the hipher the degree of conversion
and the yicld of nitric oxide. With verying prcssure a fairly
flat maximum yiecld seems to be indicated at a pressure of about

120 to 140 mm Hg.

[



Experimentnl Procedure

A1l measurements, except those carried out for the study
of the kinetics of thc reactions taking place in the discharge,
were obtained using 2 water-cooled rexzcteor with a center tube
having an inner diametcr of 6 mm and a length of 16 inches.

The hot electrode was made of solid brass 2~nd provided with four
heavy circular cooline finse It wns machincd to fit wvacuum tight
a 29/L2 standard taper jointe. Thc L5° anglc V-tip of the electrode
ended about half an inch above the center of the reactor's center
tube. The flowing gas mixture was admitted through a center hole
in the hot electrode. This hole ended however about half an inch
away from the V-tip and 2n opening was provided by drilling another
hole at right angle to the main axis of the electrode and ending
at the center., In this manner turbulent flow of the gas stream
was obtained as it entcred the reactor.

At the opposite end of the reactor it widened out to an inner
diameter of about 35 mm in ordecr to Aaccommodate the water-cooled
ground electrode. This was made of thin-walled copper tubing
and ended in a slightly rounded Y«tip a few millimeters away from
the outlet end of the center tube of the reactor. To be able to
handle larger gas flows the rcactor was provided with a standard
Pyrex 1-1/2 inch pipe joint and wns coupnled to a Pyrex pipe tece
wnich furnished mounting for the ground electrode and connection

with the vacuum line. Side outlets to the rcactor were provided
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for pressure readings and sampling of the zas stream. Pressures
were measured using Wallace and Tiernan absolute manometers having
an accuracy better than one millimcter mercury,

All gas flows were measured with simple, capillary-type glass
flow metars using i-butyl phthalatc as manometor liquid. A series
of these flow meters were mounted on a pancl board with appropriate
necedle valves and pressure regulators. Their outlets werc jolned
to a manifold making it possibli: to produce a2 flowing gas mixture
containing up to six different grnses, all accurately controlled
individually. A number of interchangeable flow tips calibrated
with a precision wet test mcter provided » series of coverlapping
flow ranges for thc gases to be employeda.

To obtain 2 sample of the gas strcam as it had passed through
the discharge main, a small.portion was led through the side out-
let in the reactor provided for th: purposec into a manifold for
six scparatc gas sampling bottles of standard type and sizee. The
outlets of thc gas sampling bottles were connested with another
mnanifold lzading to a small vacuum pump provided for their
evacuation. To take =2 gas semnle from the reactor a slow stream
was first allowed te pnss threough the ecvacuated sample bottle to
be used during a pcrind of two minutcs after a4 steady discharge
state had been reached. After closing the outlet stopcock in the
sample btocttle the corresponding necedle valve in the inlet manifold

was fully opened slowly, the rcactor outlet pressurn noted, and the

inlet stopcock of the sample bottle clesed,
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The output from the R-38 DC powcr supply uscd as current
sourcc was contrerlled cmploying a Machlett type ML-3668 triode
power tubo and a 40O watt varisble bias resistor. The carefully
filtered power output was continuously variable tn give a maximum
~f abnaut 1800 watts over short periods of timece This latter cute-
put neccessitated, h~wever, frrccd ec~nling ~f the hrot reactor
clectrode 2nd only A rough adjustmaont of the current could be
made. Current and v2ltrge waere mecasured using calibratcd

instrumentse.

Bxpcrimentnl Rcsults
Some of the data obtained arec summarized in Tables I, II and
ITI. The formation of nitriec ~xide in electric discharges has
been studicd extensively durine tho last seventy years and it would
seerr that cvery p~ssible anele already had been covered. Hawever,
a large amrunt ~f the available materizl is contradictery or obe
tained under widely differcnt conditions, mokins a crmparison of

the data publishcd difficult or impossible. However, as f
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we have been able t~ procced up to the present time our results
szem te cnincide fairly well with the recent data of S S. Vasilev
(Kinctic Analysis »f Chamicnal Proccesscs in Elcctric Discharges,
Vestnik Mcskov. Unive 6, Mo, 8, Ser. Fiz.-Mat. i Estestvene. Nouk,
No. 5, 79-96, 1951; Chem. Abstr. L6, 3876, 1952). 1In Table I,

Part I arec given some data obtained usin.: air at a constant flow
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rate of L0 litvers pecr minute, varyinaz pressure and discharge

maintained somewhat above minimum sustaining cnerpy. Thesc data

have been plotted in Firure 1 and seem tc¢ indicate that a fairly

flat maximum power yiczld is ~btaincd in the pressure range of

about 120=1L0 mm mercurye.

In Part II ~f Table I nrec given varisus data nbtaincd at

the same fl-w ratoc but with a mixture of equal volumes »f pure

~xygen and nitrogen at approximatcly the same average pressure

and varyines pewer input. As shown in Fieurs II, these date

surgest the possibility that the yiceld =»f nitric ~xide increcases

linearly with the powoer input. Part IIT of Tablc I summarizes

som2 data which se2m t- sh~w that mixinr the air stream with a

largse volume of water van~r has a nerligible influence o»n the

7ield at 1l~w p-wer inputs, while at hirher onzs the yield is de=-

crcased considerebly. & few measurements not given here have

shown that addition of helium ras aprearcd to» have a pure diluticn

effect decrcasine the yield in the rati» tc the amount added.
Table II, Part I summarizes a number ~f mecasurements using

air at different flow rates and fairly hirh peower inputs. In-

spectinrn of the data shows immediately a steady increase in all

cascs »f the yiceld of nitric oxide with power input 2nd flow rate

up to the 1limits within which we were able to operate. Part IIX
nf Tablec IT gives scme ceorresponding measurements using air en-

riched with ecxyr~en to pive a rfas mixture containing equal volumes
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of oxygen and nitrogrcn. At equal flow rates, powcr inputs and
pressures oxyrcn-cnriched 2ir gives considerably higher yields
than ordinary air, which is in agrrecement with a number of older
observatiocrnise

Tablc III zives some dat2s obtained with a tapped reactor
desirned for kinctic an2lysis of the processes ta2kine place in
the discharge. This reactor had scven equidistant outlets from
the center tube and which were jcined togmether ocutside the cooling
mantel to form a2 manifceld for samrline puroosese.e Fach outlet had
a stopcock inscrte? and thus individual samples ceould be withdrawn
from every one of them. The inncr diamcter of the center tube
was 6 mm and the ~utlets wercec nlacec? at a distance of three inches
from center to center., 32oth h~ot and r~round clectredes employed
werc the samc ones as those use?d fror the react 'r described abovee

Plottincs the amount ~f nitric 2xide formecd ner litcr of NTP
gas it is foun?, as shown in Firure III,that its concentration in-
creascs steadily ns the gas strcam nasscs throurch the reacter.
On the othzr hand, as illustratc? in Firurc IV, the yield of nitric
oxide per KWH shows a fairly well dcfinced maximum when the gas ha
traverscd abecut nne~third ~f the total lensth of the reactor. No
Adetailecd calculatiens have been made as yet with reecard to the
significance of thc dnta presented, but they 4o indicate an ex-
tremely hirh rate ~f formntion .0 the nitric oxide, which increases
ranidly with the vower in~ut while the rate of decomposition must
be considecrably lower, which is in asrcement with the Aata of

Vasil'ev quoted abovw
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Future Work

The main object of ~ur project was t» find out what in-
fluence the prescnce »f carbon monexide in relatively larze
quantities would have nn the yield of nitric oxide in an electric
Aischarges To An this it was ¢-onsidered necessary first to lay
a soli”? foundatinn ~f yinls Aatn in the absence of carbon monoxides
Thus we are gdinrs to continue the tyrec of mcasurements we have
been doins up to the rresent time, with the main idea in mind to
improve the yizld still further an' to centinue the study of the
kinetics of the reactisns takin- placecs T2 obtain increased
yiel?s we will chan~c ~ver fr-m a rlass toc a quarz reactor and,
at the same time, make it scmewhat shorter an? grive it a larger
bore. The center tube will be split at ripght ancle near the hot
electrodc and the e¢ns mixture will be introuced near the cpnosite
end usins a side inlet teo the mantel. In this manner the ras
will be stronrly preheate?d befere it enters the discharge which
should reduce the —ower consumption semewhat. Shortening and
widenins the center tube will Adecrunse the space velececity and
lenpsthen the contact time at the same time the power requirsd to
sustain the Jdischarre dacreascs., Lengthenins the contact time
shouls als~, as stroncly indicated in Fipure IIT, increase the

viel? »f nitric ~oxide ner KWH,
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Table I, Part

DC discharge,

Voltage Current
KV M
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Table I, Part II.

I. Yield of nitric acid per KWH using a

an air flow of h.0O liters per minute at
various pressures and close to niminum sustaining energy.

Power Pressure in mm Hg Yield of HN03
watts inlet outlet average eram / KWH

320 0 2L 32 Lhe6

352 50 37 L3 L.L

L37 60 L7 53 5.0

531 70 57 63 5.0

713 80 66 73 Se7

79k 90 76 83 8al

9L7 100 8L 93 9.7
1079 110 95 103 10.8
1185 120 105 113 17.0
1288 130 116 123 17.1
1L00 1L2 128 135 17.8
1566 156 1Lk 150 1h.0

bDC discharge, a

Voltacc Current
KV MA
el 102
7.5 112
Te?2 131
6.8 150
6.k 190
5.9 2130
5.k 285

7ield of nitric acid per KWH using a

gas mixture containing equal volumes of
nitrogen % oxygen flowing at a total rate of L.O liters
per minut> ot approximatcly constant average¢ pressurc.

Pow-r Prossure in mm Hg Yield of HN03
watts inlect outlet average gram/KWH
775 92 80 86 6.8
8Lo 90 76 83 T.7
9L3 90 76 83 9.0
1020 90 7h 82 10.9
1216 90 71 80 1105
1357 90 69 78 13.8
15L0 90 65 77 16.8
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Table I, Part III. Yield of nitric acid per KWH using a
DC discharge, air as such or saturated with water wvaper at
ordinary temperatures at the total pressures indicated.

A, Hecasuremcnts with air as such

Flow Voltage Current Power Precssure in mm Hg Yicld of HNOg
lite/min. KV NA watts inlat outlet average greKWH

L0 6¢1 89 5kL3 53 33 L3 11.3

LeO Le9 154 155 53 23 38 11.9

L0 he? 171 8ol 53 20 36 13.2

leO be3 2900 860 53 11 32 1hL.8

L.0 6.1 91 555 53 33 L3 11.6

6.0 7«3 199 796 80 L7 63 8.9

640 6.l 148 o7 80 38 59 13.1

B. 1Mcasurcrents with 1ir saturatcd with water vapor
ot reoactor inlet pressurc by bubbling it through
a porous platc immersad in water.

Flow Voltage Currcnt Powaer Prossurc in mm Hg Yielad of HNO3
lit.Ain. KV A watts 1inlct outlet average gre. KWH -

L.0 6.6 77 508 53 31 L2 6.8

L.o 5.8 111 6Ll 53 26 Lo 8.1

k.0 5.0 155 775 53 16 35 9.5

L.0 L.8 182 &7h 58 3 29 13.6

L.O he? 210 987 58 3 30 171

6.0 Te5 112 8LOo 30 50 65 6.2

.0 6.5 155 1008 80 L1 60 7.9

6,0 6.3 169 1065 80 37 58 7.8

5.0 5.8 200 1160 30 28 Sl 7.7

6.0 5e5 220 1210 81 9 LS 6e3

6.0 8.3 133 11L5 108 80 9L 8.6

6.0 Te9 165 1203 108 79 93 11.7
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Table I:, Part I. Yield of nitric 2cid per KWH using a
DC discharge at various air flow rates in liters per
minute, pressures & power inputs.

Flow Voltarge Current Power Pressure mm Hg Yield quNO_3
KV MA watts  inlet outlet zverage gr. /KWH
3.0 6ely 80 532 52 Lo L6 9.l
1.0 5.6 120 672 53 39 L6 9.8
3.0 5.2 156 811 53 38 L5 8.6
3.0 5.h 130 702 53 38 LE 11.3
Lhe0 5.8 1085 609 51 27 39 11.9
k.0 £.0 165 825 5h 21 38 11.9
L.0 Sel 220 1122 67 35 51 17.3
i1e O 647 210 1407 100 82 91 17.8
5.0 Se3 2L8 132k 81 39 60 2.3
5.0 59 230 1357 90 57 an 20,8
5.0 6.6 210 1386 10C 73 87 2349
6,0 SeT 240 1368 90 Lo 65 2hohy
6.0 6.7 200 1340 100 65 83 2he1
7.0 6.8 175 1190 97 58 78 19.3
7.0 6.1 232 1h1h 100 51 70 19.1
Ted 6.7 229 1L7h 110 70 50 25.5
7.0 7.2 205 1476 122 8L 103 30.1
7.0 Te6 202 1535 131 98 11l 27.5
8.0 59 280 15652 111 Lg 78 277
8.0 o3 272 171h 120 65 92 28.2
8.0 6.9 250 1725 130 83 106 36,2
9.0 6.3 265 1670 120 LS 82 30.3
9.0 7.0 250 1750 130 71 100 33,8
10.0 €L 255 1632 120 39 79 30.1
10,0 6.8 2hs 1666 125 60 92 3742
10,0 6548 260 1768 131 68 99 35.7
11.0 643 310 1953 135 33 8L 35.0
11.0 646 290 191k 138 60 99 h2.6
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Table II, Part II,

Flow

Lo OO
e o @ o
[eNoNeNoNoNoNo

DC discharre with oxypen-cnrichcd air con

11

Yicld of nitric acid mer ¥X'H using a

oo :

equal

volumes of oxyren & nitropgen at various flow rates
in liters per minute, pressures & power inputs.

Voltapge Currcnt Power Pressure mm Hg Yield of HNO3
Xv IiA watts inlct outlct averape gro/i'H
6.5 185 1203 o4 Lo 67 19.6
7.0 175 1225 100 5L 177 2h.2
6.8 210 1428 109 61 85 31.6
6.2 265 1643 110 Sk 82 3L.4
6.8 2LsS 1666 121 75 98 36.3
7.1 250 1775 131 90 110 bl.6
6.4 275 1750 120 68 oL 3.6
6.4 260 1664 119 39 79 37.1
6.6 255 1683 122 50 86 37.h4
6.1 280 1792 125 53 89 Lho.5
6.6 270 1782 127 59 93 h2.9
6.8 265 1802 131 57 99 50.0
6.6 275 1815 131 35 83 L3.7
6.6 280 1818 132 Ls 88 L6.8
6.8 270 1836 134 60 97 L6.L
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Table IIT.
reactor,
per minute.

Outlet Dist. to
rumber hot electr,

Valtage

Yield of nitric

12

a DC discharge & an

KV

NN O ~N O\ e N+

~N oA o

Sll

11
1l
15
20
23

1,
1L
17
20
23

L3
1L

A
i

20
23

BI

Ce

Current  Press. inmm Hg g. Mt. ga Yield HNO

MA inlet outlet HNO3X10 g./KWH
A. Average total power input 612 watts

72 51 L7 7.3 13.8

72 51 Lk 12.1 1h.1

73 c1 Lo 13.1 132

73 51 37 1Lh.7 9.9

73 51 33 16.3 9.0

73 e 20 17.3 8.2

71 51 26 21.3 8.7
Average total power input 830 watts

122 5l L9 1h.6 20.5

122 sk Lb 22,6 19.6

122 Sl Lo 26.1 16.5

120 5L 35 31.5 15.6

121 5k 29 Lo.5 16.5

119 sk 23 Ll.1 1lief2

118 Sk 13 L9.1 1i.8
Average total power input 118L watts

160 67 62 16.4 16.0

160 67 58 33.9 20.7

160 67 53 35.7 15.8

160 67 L8 n8.7 16.9

160 AT L3 5642 16.1

160 67 38 5SehL 13.5

160 67 33 58.0 12.3

[esNes RN -ReosRooNo )

~N OO DN

PN R S

QNN NE

gl sl ngll s UV N gl el

acid per KWH using a tapped

air flow of lL.O liters
field at a given outlet of the reactor
computed assuming linear variation of potential drop.
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The Determination cof the Amount of Nitric Oxide

Formed in an Electric discharge

by “Wilbur Simon

Introduction. Many reagents are available for the color-

imetric determination of nitrates. The reagents most commonly

used are diphenylamine and phenoldisulfonic acid. In addition
to these ferrous sulfate, strychuine, methyl umbelliferone and
brucine have been employecd. Each recagent has its drawbacks;

phenoldisulfonic acid must be preparcd fresh and can be used only

in the absence of water. Uinhenylamine is an oxidation-reduction

indicator and is sensitive to othcr oxidizing agents. Ferrous
sulfate is an unstable rcagent being easily oxidized to ferric

iron ty contact with air. Strychnine is the most sensitive of

these reagents but requires froeshly preparcd solutions each time.

Methyl umbelliferone was not as soluble a2s stated in the literature

and the procedure given did not yicld the expected results when

followed.

Brucine in chloroform or brucine sulfate in water solutions

were found to be best suited for the analysis of the gas samples

withdrawn from our discharge rcnctors. Although the procedurc

worked out ies very simple many preccautions must be carefully ob-

served in ordcr to obtain 2 precision of 2 per cent or better,

B - g ot oty
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Discussion of proccdure. The ritration of brucine sulfate

in dilute solutions requircs a fairly high temperature of the
liquid. The heat required is furnished by the heat of solution
of sulfuric acid in water. Unlecss thc brucine sulfate is dis-
solwved before the concentrnanted sulfuric acid is added some
nitrate may be lost as nitric acid. If the renaction is quenched
before full color develovment has takcn place the addition of
distilled watcer will produce additional cclor but the heat of
solution at this point is imsufficient to produce complete color
development with rcegard to the unrcacted amount of nitric acid
prasent in thc sample,

Dilution to any given volume is compiicated by the expansion
of the liquid due to further evolution of heat. When the solution
is cooled to room temperatur: the volumz will deccrcase ard the
addition of more water will warm the solution again. However,
with some practice it is possible to gage the dilution in such a
manner that the solution will comc close to the desired volume
when it has cooled to room temperature. When the solutions are
transferred to the photometer absorption cells bubbles are formed
on their walls and several minutcs are rcecquired for them to come
to the surface so that a valld reading can be made., In addition
to the precautions Just given all glass ware used must be washed
with generous quantities of distilled water, If reagent-grade
sulfuric acid is uscd no further purification is necessary pro-

vided that a suitable reagent blank is <wmployed as refcrences

A
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A study was made of all pertinent phases of the analytical
proccdurc, Thus it was found that the rate of addition of the
sulfuric 2cid does not affect the results obtained. Addition

times raneging from five seconds to onec minute were tried and found

to give negligible variations. After the addition of sulfuric

acid had been completcd the optical density of the solution in-

creased steadily during the first five minutes and then it showed

no further increase »ver a period of fifteen mirnutes or more. As

an added precaution to gco vy comparable results the time of

color developmecnt was star:d . 2dizecd % 2 Length of five minutes.

In the casc of brucine sulfat2 which is »rnly slightly soluble in

cold wator a2 saturated sslution was first prepared at room tem-

peraturc and then filtered and diluted. Precipitation of brucine

sulfate wculd affect thc precision of the analysis, since the

ootical density of the resulting snlution increases with its con-

centration. The same is true for the quantity of sulfuric acid

employed which must be the same in all cases to get comparable

results. VYhether nitrites or nitratus arc present they give the

same analytical result.

The absorption of the oxides of nitrogen in the gas samples

is accelerated by the use of an oxidizing agent. Either hydrogen

veroxide or potassium permanganate wnay be employed for this pur-

p2se, but because both 2f them contain minute amcunts of nitrates

the solution blanks should contain thecse reazents in appropriate

quantities. If toe much permanganatc is added to a sample,

bt
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snlution manganese dioxide may be formed which co-precipitates
part of the nitric acid present as mangnnrus nitrate. This may
be remcdiced by analysis of the precipitate after dissolving it
in a mininmum gquantity of hydrochleric zacide.

Using the procedurc t: be described below, quit:s prccise

results have been ~btained and ab-ut fifty determinations may be

carried ~ut per day. Several hundred analyses have already been

performed and thoe meth~? 2ppcars to be reliable, The precision

achieved scems to be within the limitations ~f the instrument

emplnyed, There is s~me “eviati-n from the Beer-Lamboert law which
is based nn the use of mononchromatic light. A filter photometer
ke th2 one uscd gives a comparatively wide band of light.

dAnalytical procedure. Thce gas samplas are collected in

B RRIAENS

evacuatc? samnling tubes as previously doscribed.  About 70 cc of

1:500 sulfuric a2cid containing potassium permanganatce is sucked

int»n the tube by cpocning the lower stemcock. After the sclution

LR M

has been zl1llowe to stand over night it is drained into 2 100 cc

volumctric flask ~nd the sample tube is rinsed three or four times

with distilled watzr, the washings being added to the volumetric

flask containing the sample. The samplc is finaliy diluted to

100 cc with istilled wntcr.

A five cc sample 1s then pipetted inte a 25 ce Pyrex volumetric

flask ani six droos of a~n aquecus soluticn of brucind sulfate are

added followed by 10 cc of concentrated sulfuric acid from a 50 cc

E
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burctte in order teo maintain sufficient accuracy. The resulting
mixturc is swirlc? gently and allewe? to stand for five minutcse.
It is then pleced in ice water and 4ilute? to 25 cc with Aistilled
water. Th:z optical density =»f the s»luticn is measurnd with a
FFischer "Elcctrovohotomet2r"™ using a suitable rcagent blank 2n?
empleying a U25 millimicroin csptical filter. The reading obtained
is matched with the curve for readings nreviocusly mnde with a
scries of standar? s~luti~ ns ~f potassium nitrate fcllcwing
exactly the same nroce'urc. Whenzver a2 fresh brucine sulfate
soluticn is prepare? a nocw ca2libratisn curve is mace up by sue-
cossively pinctting off 1, 2, 3, L 2an? 5 cc <f a standar? potassium
nitratz s~luti-n c ntzining ths cquivelent -f 10 micreograms »f
nitric aci” ner cc. 411 a2liqu ts arc 2ilute? with sufficient

2istille? water to bring the volumoe to exactly five cc. Figure V

ic a2 ¢alibrati r curve -“rawn using data obtained by the

20 Vi abnve
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“urce It shrws 2nly a mincr “oviaticn from the Beer-Lambert

able I summarizes the data ~btainesd f-r a represcntative

series oI samples analyze? February 20, 195L. AlL samples con-

tainedl “iffcecrent ~amcunts ~f nitric acid an® all “eterminations

were poerforme? in “unlicate.

In nrder to determine the abs~lute »nracisisn ~f the methnd

nine samples »f a stantar? s-~luticn of p-tassium nitratc containing

50 micrograms of nitric aci? werec analyzed. The results obtained

are sh~wn in Tablc 1T,

————— e — -
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Table I. Some data showing precision of
analytical procedure utilizing brucine
sulfate for determination of nitrates.

Sample Rel. optical density Deviation
number Dgt, I Dete 11 in percent
1 1L.0 1L.0 0.0
2 1k.1 1h.1 0.0
3 39.4h 38.6 1.0
h lhoh l)loo loh
S 7.2 7.2 0.0
6 9.0 9.0 0.0
7 1h.1 13.7 1.h
8 6.6 6.6 2.0
9 9.5 9.7 1.0

Table II. The nrecision of the brucine sulfate

procedure ~s given by the analysis of a solution

containing 50 micrograms of nitric acid.

Sample Reading Sample 2eading
1 37.h 6 37.5
2 37.8 7 37.5
L 37.8 9 37.7
5 3745

Table III. The effect of variations in
amount of sulfuric acid added upon
photomcter reading obtaincd.

H250j}, cc Det. I NDet, II
8 28.1 28.0
9 33.8 33.8
10 36.3 36.3
11 LO.1 LO. L
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The standard deviation for the data in Table II is *1.25

per cent. However such n pnresision can be obtained only with

extreme care, one of the most important factors being the quantity

of sulfuric acid added. Table IITI illustrates the importance of

measuring the amount of acid added very carefully.

The variations in photomcter rcading shown by the data in
Table III can not be accounted for by rnitrates present in the
so.furiec acid since a reagent blank containing 8 cc of the acid

virlded results showing an optical density only 0,008 units lower

ivnan one containing 10 cc of 2cide In Table IV are given some

data showing the effect of time of color development upon the

readings obtained.

Table IV. The c¢ffect of time elapsed before
cocling upon the optical density obscrved.

Time elapsed

Photometer
in minutes

reading
5 36.1
6 6.1
7 36,1
8 36,1
10 36,1

Summary. If sufficicent care is taken to control the pertinent

variables, brucine snlfate m2y be used for the determination of

nitrates in aqueous solutions. The method is simple and well

within the precision which can be expected from a filter photometer,
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