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There 1= a need fur a precise method fur determining low
concentrations of CO in small gas samplesl, Methods®C which
are acourate to within about 5 of the amount of CO present are
sither time-consuming or require that the gas sample volume be
large (100-5000 ml.), These disadvantages were overcome to Some
extent by Polis et al’ using the CO-palladium-molybdsate reaction
in an acetone solution, but the accuracy of this method in our
hands was jess than that required for our physiologic studies.
Starting with the procedure of Polis, we have developed a method
for the determination of 0.002 to 0.0l ml. of GO in samples less
than 50 ml. in volume with a me@n error of 2%. The use of the
dilution technique to be described will permit the determination
of CO in the concentration range of 0.004% tc C.25%.

PRINCIPLE OF THE METHCD

A measured volume of the gas sample is introduced into a
partially evacuated reaction tube containing a measured volume of
palladium chloride-phosphomolybdic scid--methyl-ethyl ketone
reagent, Molybdenum blue is formed. The optical density of the
reactad liquid 1s proportional to the number of moles of CO in

the tubs and is determined with a photoelectric colorimeter.
REAGENTS AND EQUIPMENT:

Pelledium ehloride solution: One gm. of PcCl, ° 2H20

(Fisher Scientific Company) 1s dissolved in water containing

7 ml. of concentrated HC1l and diluted to 500 ml.
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Phosphomolybdic Acid solution: Twenty-five gm. cf 20MoOz °

2HzPO4 * 48R,0 are dissolved and diluted with water to 500 ml.
Phosphomolybdic acid as currently supplied by the Fisher

Scientific Company, New York is satisfactory.

Five normal HpS0,.

Solution A: Eaual volumes of the above three reagents are
mixed and stored in a stock bottle. The reagent is similar te

that of Polis et al’ except for its higher coneentration of 52804.

Solution B: Three volumes of methyl-ethyl ketone (Eastman

Kodak) are added to one volume of 95% ethyl &lcohol.

CO reagent: One liter of Solution B is added to 250 ml., of
Solution A and stored in a glass-stoppered (elear glass) bottle
at room temperature in daylight for at least two weeks before use,
During this period, the eolor of the mixture changes from yellow
to dark blue-green and finally to greenish yellew, at whieh time
its color usually becomes stable, When this point is raaehad,
the properties of the reagent remain unchanged for several months.
If the mixture becomes dark, direet sunlight or ultraviolet
irradiaticn will lighten 1t without interfering with its ablility

to react with Z0.

Reaction tubes: Theae have a eepseity cf apsroximately 100 ml.

and are 25 mm. in diameter, At one or both onds, carefully ground

stopcocks of 1 mm. bore are fused on so that the narrowed portions
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of the tubes are short, wide and tapered to avoid the trepping of
1liquids near the cocks. At least one cock should be three-way.
(Ses © in Fig. 1.) Rubber-free paraffin or silicone stopcock

greases have been found satisfactory.

-

Geasometer: Two mercury-containing 50 ml, burettes, one with
appropriate connections for delivering measursd gas volumes into

the reaction tubes. (Fig. 1.)

Vater bath and revolving tube holder: The temperature of the

bath is set at 37.2 + 0.2°C. The reaction tubes arg elipped onto

a revolving tute holder which rotates them about their long axis

&t 30 r.p.m.

Optical equipment: Matched unstoppered glass absorption cells

with a 20 mm. light path have been found satisfaetory, A photo-
electric colorimeter (Lumetron, Model 402E) is used with a glass

fiiter having a transmission band of 640 to 880 millimicrons.

PROCEDURE

Preparation of rreaction tubes:

Five ml. of ths CO reagent ars delivered intc each of a
series of reaction tubes from a ayringe fitted with polyethylene
eapillary tubing which is threacded through the bore of the reaetion
tuts stopcock, The tubes are then evacuated to a pressure of
220-230 mm, Hg in order to allow the introduction »f up to 5C mi.
of gas sampls and the subsequent heating to 37.2°C, without the

development of & pressure greater than atmospherie within the tubes,
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Introdusgtion of standard and unknown gas samples:

Into two reaction tubes accuratcly measured volumes of
between 4«50 ml, of a known CO (0,02-0,1%) in air mixture®
(saturated with water vapor) are introduced via the gasometer,
(See Fige 1.) A measured volume of eaeh unknown (saturated with
water vaper) is similarly transferred to each of the remaining
reaeticn tubes, The following oroeedure is used: eonneetions
C, D, and E are filled with mercury from chamber B and from
burette K, and part of the sample in A is tranaferred to K,
Cannection L is rinsed with 3-4 p). o7 the sample via coeks H
and M and the sjidearm N. A reading is made of the mercury level
in K with the samnle at atmospherie pressure and eoeck M closed.
Any desired volume up tc 50 ml., is then introduced into the
previously evacuated tube O, The mereury levels are in the
position indieated in Fig. 1 during admission of the sample,

With coek M elosed;, 2 second reading sf the mereury level in K
is made with the remaining semple in K under atmospherie pressure,
The baremetrie pressure and room teriperature are reeoried and all

gas volumes are redueed to volumes at 0°C, and 760 mm Hg.

Equilibration:

The tubes containing the semples 2nd ree gent are clippred
onto a tube holder in a water bath at 37,2°C. and rotated at

30 r.o.m, for exactly 30 minutes. After removal from the bath,

rm et e e a—m—. teus aen . ——

*Obtained from the Mine Safety Appliances Tompany, Fittsburgh, Pa,
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the tubes are allowed to cool with the cocks still closed and ths

external arms are wiped free of any water,

Optical measurements:

The colored solutions from the tubes are transferrea to
matched cuvettes and the optical density of each solution is
determined against water as a blank. ™he densities of the two
solutions from the tubes containing known amounts of CO are plotted
ageinst the number of ml. of CO introduced and a straight llne is
drawn connecting these two points. From this line, the numbter of
ml. of CO in the unknown tubes is determined graphically. The

percent of CO in the sanple can then be calculated.

The absorption spectrum of the reagent after one-half hour
of rotation witn CO at 37,2°C, was determined with a Eeekman
spectrophotometer. (Fig. 2.) The reagent has light transmission

characteristics similar to that prepared by Polis et al”,

DTOTIT MO
Trnev sl

For & given lot ol reagent, the optieal density of the
reacted solution was found tc be pro:~rticnel to the number of
ml., of CO in gas samplas when from C,002 to 0.0l ml. of CO were

intreduced into the reaction wubes.

The results ol 3% consecutive analyses of 4 to 25 ml, samples
of & known CO-in-air mixture are shown in Table I. 7The mean error

was 2% of the amount present with e standard deviation of 1.5%.

The maximum error was 6%.
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DISCUSSION

The neture of the physical and chemical processes by which
molybdenum blue is formed by CO in the presence of palladium is
not definitely understood®s @, 1t 1s thought that Pd** is first
reduced by CO to form Pd®., Additional CO is then adsorbed by the
metallic palladium, thereby becoming sctivated. Phosphomclybdie
acid §{s then reduced by the adsorted CO tc produce molybuenum
blue, rapidly &t first, and then &t é redueed rate for a period

of several hours thereafterv. Keitones aecelerate this proeess

in an unknown fashion,

In the method of Polis et alv, an acetone reagent was
equilibrated with CO in glass-stoppered tubes at 60°C, for one
hour. Using this method, we were unable to avoid leaks of both
gas and reagent from the tubes, since neither glass stoppers nor
stopcocks were found to be eompetent to eontain gas at the high
pressure {(300-400 mm. Hg sbove atmospherie! developcd when the
acetone reagont was brought to 60°C. in a closed vessel, In
investigating several ketones with lower vaopor pressures than
seatone, we have foind that methyl-ethyl ketone® aeccelerates the
Ch-nalladivm-poliybdate reaction and allows it to proceed &t
tomnenaiyursg lessd vthan 60°C, and henece at considerably lower
reacting tuve pressurcs. Advantage has been taken of these

characteriaticae in the vresent method.

*Methyl-n-propyl and n-butyl-ethyl ketone reduece phosphomolybdie

acid et room temperature in the absence of CO.
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" The prosedure used by Polis et a1’ for introducing measured
volumes of the gas sample was unreliable in our hands and did not
permit the sample volume tc be conveniently varied. We therefore
used a vaeuum tsshniaque by which the sample volume could be varied
from 5 to 50 ml., and measured with an error of less than one pereent,
This technique alsc makes it possihle tc have a sub-atmospherie
pressure in the ketone-containing reaction tubes at the beginning
of and during the reaetion period so that eonventlional stopeocks

can be used with & greatly lessened chance for leaks,

When methyl-ethyl ketone is added to the agueous palladium
phosphomolybdate mixture, a twoephase system results, and the
eclor formed in the presenee of CO is eoncentrated in the ketone
phase. Despite the advantage of inereased ssrnzitivity in the
color reaetion under these eireumstarices, we have found *hat the
two phasass are diffieult to sevarate for colorimetrie determination,

and have therefore added ethyl aleohcl %£5 the reagent to form a

single phase,

The CC reagent is sensitive to eontact with reducing agents
and also tends tc turn blue on standing in the dark, Either event
renders it too dark for use. Ulitraviolet light reverses the
alteration that cecurs when the reagent stands in the dark without
destroying its rcapaeity to react with CO in the range dssired,
Eaeh lot of mixed reagent ean be made suitable for use by exposure
to ultraviolet light or sunlight until the blue eclor has disap-

peared after whieh the reagent unlergoes noc further ehanges for

several months.,
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The slope and position of the calibration line varies slightly
from day to day and from one lot of CO reagent to another. Satis-
factory results can be obtained by running two standards with each
series of unknowns. It is best to have the standards fall cleosely
on either side of the unknown. Hence, the standard volumes are
chosen with respect to the anticipated concentrations of the
unknown. This procedure was i'vund to be preferable to using a
blank since less than 0,002 ml. of CO produced color out of
proportion to the CO introduced and since the blank tube tended

to be relatively high, baving density readings of .15 to .25 when

determined against watsr,

The present method has proved sensitive and reliable for
frequent determinations of CC in small gas ssmples, but it has
the following disadvantages. 1) A "curing" period of two weeks
is regquired in preparing the CO reagent. 2) The CO rcagent
does not give reproducible results if used more than 2«3 moriihs
after it i1s prepared. 3) The reauirement that two standarc
gas samples bo used for callibration with each series of unknowns
is time-consuming. 4) As in other esnalytical methods involving
molybdenum blue, evan inor variations in the ccnditions under
which reduction occu.. may alter the results®, 5) Reegents
made with different lots of phosphomolybdic aclid vary considerably
in their reaction with CO. The following lots of phosphomelybdic
acid have been found satisfactory: Lot #473976 (:isher Scientific
Company), #52282 (Merck and Company) and #2JZ2-1 (Mallinckrodt

Chemical) Works). The CO reagent made from these materials gives
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reproducible color reactions with CO when sto4 is present but

no color 18 formed when HC1l is substituted in equal ccncentraticn.
On the other hand, the reagent made from Lot #463985 (Fisher
Scientific Company) is easily reduced by CC in the presence of

HCl'while the use of H,S0, results in a high blank and instability

4
of color. 6) The method is not specific for CO since other gases,
such &s HpS ana acetylene, form molybdenum blue on contact with the
reagent. The expired gas of human beings, w.cther smokers or non-

smokers, either contains no such gases or they are present in such

small amounts thét they are not detectable by the present method.

Use may therefore be made of the method for studies of CO uptake

In men inspiring the gas in low concentrations.
SUMMARY

A colorimetric techniaue for the determination o.” low
eoncentrations of CO is described. WMeasured volumes of CO
containing standard and unknown gas samcles sre reacted with
a palladium chloride phosphomolybdic acid methyl-ethyl ketone
reagent and the ontical densities of the reaction preoducts are
determined. V%ith this procedure, 0,002 to 0.01 ml., of CO can te
determired with a mean error cf 2% of the amount presenc in gas

samples of 4 to 50 ml. in volume.

Tz anthers are grateful for the advice and suggestions

given by Dr. Fricarich Klemperer and Dr. lester Scheel.



1.

4.

REFERENCES

Lilienthal, J, L. Jr.: Carbon Monoxide, J. Pharm. and Exp.
Therapeutics, Part II, 99: 324-354, 1950.

McCullough, J. D., Crane, #. A., and Beckman, A. 0.: Deter=-
mination of Carbon Monoxide in Air by Use of Red Mercuric
Oxide, Anal. Chem. 19: 999-1002, 1947.

Roughton, F.J.W., and Root, W. S.: The Estimation of Small
Amounts of Carbon Monoxide in Air, J. Biol. Chem. 160:
135-148, 1945,

Shepherd, M.: Rapid Determination of Smell Amounts of Carbon
Monoxide, Ind. and Enr. Chem., Anal. Chem. 19: 77-81, 1947.

Sjostrand, T.: A Method for the Determination of Carboxy-
Haemoglobin Concentrations bv Analysis of the Alveolsar
Air, Acta Physiol. Scand. 16: 201-210, 1946.

Van Slyke, D. D., and Peters, J. P,: Quantitative Clinical
Chemistry, The Williems and ¥ilkins Co. 2: 153-157, 1932.

Polis, R. D., Berger, L. B., and Schrenk, H. H.: Colorimetric
Determination of Carbon Monoxide in Air by the Use of a
Palladium Chloride-Phosrhomolybdic Acid-Acctone Reagent,
Report of Investigations, U. S. Bureau of Mines, R. I.,
3785, November, 1944.

Feigl, F.: Chemistry of Specific, Selective and Sensitive
Reactions, Acad. Press, Inc., N. Y,, N, Y., 1949,

Killeffer, D. H., and Linz, A: Moliybdenum Compounds, Inter-

science Publishers, MNsw York and London, 1952,



TABLE |

Analyses of 4 to 2% ml. Samples ¢, & Known CO-in-Air Mixture

N\
ml. CO ml. CO ml. CO ml. CO
Present Found Present Found
~,"019 0.001%8 0.r083 0.0062
.0020 .0020 .0083 .00€ 4
.0027 0028 . 0065 .00%4
.0030 .0030 .0065 .0066
.0032 .0032 .00€6 .C068
.0035 .0035 . 0066 .0064
.0035 .0033 .0069 .0068
0037 .0036 L0076 .0076
.0039 .0038 .0079 .0079
.0039 .0037 .0083 .0082
.0039 .0039 .0084 .0084
.0043 .0044 .0088 .0088
.00486 .0046 .0091 .0090
.0047 .0047 .0093 .0093
.0051 .0053 .009% .0094
.0054 .0055 .0101 .0100
.0054 .0053 .0101 .0100
L0055 .0056
.0058 .0054 ' leen Perceont Error 2%
.005¢ L0055 ! 5,D. of Mean Evror %1,5%
.0060 . 0060 ‘ ‘Yaximum Error 6%

.0060 .0060



Flg. 1, Casometer for the guantitative transfer of gas Irom
sample tube A to the partially evacuated reaction tube 0.
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Flg. 2. Transmittancy curve of mixed reagent &fter reaction

with CO. (Read apgainst reagent blank)
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