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Mistures of nitrous oxide, oxygen, and carbon
dioxide can be Iyzed by the Scholander ap-
paratus with a 95 per cent confidence of 1 per

cent of the gas ion. The techni fol-
lows the description of Scholander and differs
principally in the of two les of the

gas to the two absorbing reagents, as well as a
determination of the solubility coefficient of ni-
trous oxide in the reagents. The precision of this
technique is not as good as the Scholander anal-
ysis of mixtures of oxygen, nitrogen, and carbon
dioxide, but compares favorably with other meth-
ods iate to thetic mi: The ap-
P is seal durable. and a1

DETERMINATION of oxygen and carbon dioxide
content in mixture of gases by chemical analy-
sis ordinarily depends on the insolubility of the
balance of the gases (usually nitrogen). If the
background gas is only nitrous oxide, accurate
analysis of the three components can be made
by a modification of the Scholander micro-
analytic method. Reproducibility is 0.06 per
cent or better (935 per cent confidence limits)
and accuracy is better than 1 per cent of the
concentration of each gas. The method differs
from the usual analysis of gases in air, requir-
ing measurement of the solubility coefficient of
nitrous oxide at the temperature of the water
bath, and by exposure of separate samples to
each absorbing solution.

Principle
\When a mixture of nitrous oxide, oxygen,
and carbon dioxide is exposed to the oxygen
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absorber (alkaline sodium hydrosulfite), alli
carbon dioxide and oxygen is chemically ab-Z
sorbed. Nitrous oxide partitions between the 5
gas phase and the absorber. The volume of §
nitrous oxide in simple solution is determined DY
by its solubility coefficient in the absorber at g
the temperature of the water bath, the volume S
of the absorber, and by atmospheric pressure. 2.

When a second sample of the same gas mix- §
ture is exposed to the carbon dioxide absorber 3
(sodium hydroxide solution), carbon dion'de%
is chemically absorbed and some nitrous oxide £
passes into simple solution, again depending 3
on its solubility and concentration, the tem-g
perature, the volume of the absorber, andgQ
pressure. If pure nitrous oxide is exposed tog
the two solutions, the Ostwald solubility co-&
efficient for nitrous oxide in the reagents mayo
be determined. From the four exposures of%
gas to reagents, two pairs of simultaneous @
linear equations are derived; the first permiLc%
the caluculation of nitrous oxide concentration®

in the sample, and the second permits m]cu]u-g
tion of oxygen and carbon dioxide content.
©

S

Method S

o

Modifications of the Scholander metlwd.%
The technique generally follows that described .«
by Scholander.? Attention to a number of de-%
tails is important in achieving reproducibility.
A list of these details, along with a derivationg
of the equations for calculating final concentra-&
tions appear in the Appendix. Loo

Initially the micrometer scale is set at ap-3
proximately 5 units. The gas sample—mercuryg
interface is brought to the mark on the capil-2
larv tube and micrometer reading M, maded
Approximately 0.5 ml. of gas (about 13 micro-8
meter units) is admitted to the reaction cham-3
ber, followed by an indicator drop of acidgy
rinsing solution (ARS). The compensating>
chamber is emptied, the gas-ARS interface=

brought to the mark, the open stopcock put in§
s
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place, and micrometer reading Ma recorded.
An estimated 4-5 micrometer units of oxygen
absorber are introduced into the reaction
chamber. After absorption the ARS drop is
brought to the mark and the third micrometer
reading Mz made. As the gas sample is next
expelled, the gas absorber interface is stopped
at the mark and M, read on the micrometer.
Finally, the absorber is expelled, the absorber
mercury interface brought to the mark, and
micrometer read, Mz The volumes of the
gas sample, of gas absorbed, of gas remaining,
and of absorber are calculated by difference.

The procedure is repeated on a second sam-
ple of gas using the carbon dioxide absorber.
This enables the calculation of the fractional
concentrations of carbon dioxide, oxygen, and
nitrous oxide in the gas mixture, provided the
solubility of nitrous oxide in the absorbing
solutions is known.

Ostwald Solubility Coefficients of Nitrous
Oxide in Absorbing Solutions. A modification
of the method of Saidman et al.® is used to
measure the solubilities of nitrous oxide in
both absorbing solutions at the water bath
temperature used. The measurement must be
made for each new batch of reagents. The
mean of three measurements of Ostwald solu-
bility coefficient with a range of not more than
0.02 is substituted in the equations. The rela-
tion between solubility coefficient and tempera-
ture are presented in figures 1 and 2. Means
of six to ten solubility measurements are plotted
against temperature from 19° C. to 30° C.,
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Fic. 1. Relation between Ostwald solubility
coefficient (1) and temperature of the oxygen ab-
sorber. The points are means of triplicate deter-
minations. ¢ vertical bars represent the stand-
ard erors,
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Fic. 2. Relation between Ostwald solubility 2.
cocfficient and temperature of the carbon dioxide §
absorber. The points of line A are means of tripli- 5
cate measurements. Line B represents triplicate g’
estimates of A for the same container of carbon=
dioxide absorber one month later. The difference 3
is thought to represent small change in solute con-3
centration, and d rate the imp of 5
individual determination of A. The vertical bars3
represent the stan errors.
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within the range an analysis is likely to bed
performed. Below 19° C., the ARS crystalhzetfg
making the analysis impractical with the usuals
solutions. g

Minor changes in the solute content of thel
absorbers produce a major change in the solu-
bility coefficient as illustrated by lines A andg
B in figure 2. The same absorber from theS
same container was used in all analyses, thed
difference being that the measurements on liney
B were determined one month following theg
measurements on line A. Evaporation of as
small amount of water from the reagent had§
increased the concentration of solutes creating®
a saltingout effect. Deliberate dilution of®
the reagents and meast t of the changes
in solubility coefficient has confirmed this§
change. Because of the variation we recom-3
mend direct determination of the solubilityD
coefficient in the reagents used, rather than3
reliance on graphs of figures 1 and 2. 4

Calculations. In the equations, V refers tog.
a volume of gas measured in micrometer units.&
The first subscript identifies the volume of2
sample gas injected, GI; the volume of gas ab-J
sorbed, GA; or the final gas volume, GF. VA§
is the volume of absorber admitted to the re—
action chamber. A second subscript, CO», 03;
N.O describes that portion of a volume ex2.
pressed as pure carbon dioxide, oxygen, of>
nitrous oxide. Lambda (A), with subscripts®

=l
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OA and CA refers to the Ostwald solubility
coefficient of nitrous oxide in the oxygen and
the carbon dioxide absorber respectively, at
the temperature of the water bath. F refers
to the fractional concentrations in the dried
sample gas modified by subscripts as is V.
Thus, Fio, refers to the fractional concentra-
tion of oxygen in the initial sample, while
Fry.o refers to the final fractional concentra-
tion of nitrous oxide in the gas at the end
of analysis. The equations are:

_ Vix,o_ (AoaXVa)+Ver

Fix 1
0= For Var m
T ,
FicoytFro,= Lor=QoAXTA) ()
Var
VarXFico,—AcaXVaXFro,
(s P ’
=\ GF (VGa—AcaXVa) @

Vat

Equation (1) gives the fractional concentra-
ton of nitrous oxide directly. Equations (2)
and (3) enable calculation of fractional con-
centrations of oxygen and carbon dioxide by
the solution of simultaneous equations. Equa-
tion (3) assumes no solution of oxygen in the
reagent. As long as the sample contains less
than 50 per cent oxygen this assumption results
in no appreciable error. If more oxygen is
present, the carbon dioxide absorber should be
equilibrated with oxygen before use, as sug-
gested by Scholander in the original method.

TasLe 1. Repeated Analysis of Poynting

Gas Sample
Sample N:0 0: +CO: co:
1 79.05 20.88 —0.15
2- 79.16 20.78 -0.12
3 79.04 20.86 —-0.07
B 79.10 20.77 —0.09
3 79.08 20.81 —0.11
[} 79.08 20.83 —0.07
Mean 79.08 20.82 —0.10
n 6
S.E. 0.16 0.08 0.01
Water bath temperature was 21.5°C. 2oa

29,1 = 0.2, Aca 26.4 = 0.2, The negative values
for CO; are discussed in the fext.
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TasLe 2. Comparison of Four Samples by

Three Analytic Methods
[}
semie | G [Teapur) Dl ISRRES
8
1 CO: 464 476 1901 &
0: 20.9 20.3 195 2
N:O | 744 749 %5 3
2 CO: 3.51 372 2
0. 2.8 2.1 C
X:0 65.1 656 3
[
3 CO- 3.76 3.50 )
0: 26.8 %1 Z
N:0 69.4 701 2
s
1 CO: 0.0 0.0 0.09 £
0: 27.5 271 267 3
N0 | 725 72.9 731 3
Yy

5

Rotameters, calibrated with bubble flowmeter ané}
oxygen analyzer were read before and mid-samplg’
point and after sample collection. Carbon dioxide,
analysis was continucus during sampling. Schog—
lander analysis is the mean of two measurcmen(&

with 0.04 agreement or better in all cases. >
=

[=X

Reproducibility and Accuracy 2

Q

A cylinder of Poynting gas (a mixture ofS

nitrous oxide and oxygen only), analyzed by &
paramagnetic analyzer and by an oxygen eleeg
trode contained 21.0 == 0.3 per cent oxygef2
and 79.0 per cent nitrous oxide (the limit
accuracy for these techniques). Table B
shows the results of repeated analysis by the
Scholander technique; the mean was 79.0§
per cent nitrous oxide. A similar set of analy®
ses of the same cylinder one month later gavs)
2 mean of 79.16 per cent nitrous oxide, a dif
ference well within the standard error of th??o'
measurements reported below. The full anlyS
tic procedure was carried out on these sample§
and regularly yielded a negative value for carS
bon dioxide of the order of one-tenth of on&
per cent. The bulk of this could be explaine®
by evolution of nitrogen dissolved in the cnré—"
bon dioxide absorber during analysis. This
can be avoided by equilibrating the mrboé
dioxide reagent with helium or another insolug
ble gas. We believe, however, that this.
would complicate the analysis without a sigg
nificant improvement in the results. =
Mixtures of nitrous oxide, oxygen, and car
bon dioxide were prepared by rotameters caliX
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brated with a bubble flow meter. The car-
bon dioxide concentration varied from 0 to
5 per cent oxygen from 20 to 30 per cent,
and nitrous oxide from 63 to 75 per.cent. A
mixed sample from the rotameters was col-
lected over mercury during a one minute per-
jod. Simultaneously, an aliquot of the mixed
gases was passed through a Beckman C2 para-
magnetic oxygen analyzer (0 to 50 per cent
O, scale) and a Godart Kapnograph. The
oxygen analyzer was calibrated with air and
nitrogen, and a correction made for the slightly
diamagnetic property of nitrous oxide. The
Kapnograph was calibrated with carbon di-
oxide in oxygen mixtures and correction made
for both the spectral overlap of nitrous oxide
and the collision-broadening effect. Thus,
there were three independent estimates of the
gas composition: chemical analysis with micro-
Scholander technique; physical analysis of
infrared and paramagnetic properties; and
volumetric analysis from the rotameter read-
ings. Table 2 contains the results of these
analyses. The volumetric analysis by rota-
meter probably has an accuracy of 1 per
cent of the gas composition. The accuracy of
the infrared analysis for carbon dioxide was
of the order of one-half of one per cent of the
gas concentration, when the appropriate cor-
rections for nitrous oxide were made The
Beckman C2 oxygen analyzer had an accuracy
of =2 per cent of the oxygen concentration
used in this study. Table 2 shows that the
Scholander analysis of the four gas samples
agreed with the rotameter and physical analy-
ses within the order of accuracy of the latter
two techniques. In the absence of a primary
standard with which to compare the chemical
analysis, we can only say that the accuracy of
the Scholander technique when nitrous oxide,
oxygen, and carbon dioxide mixtures are being
analyzed, is at least of the order of 1 per
cent of the concentration of the gases being

analyzed.
Discussion

The method gives reproducible analysis of
dry gas concentrations of mixtures of nitrous
oxide, oxygen, and carbon dioxide. All three
gas concentrations are measured during the
same procedure. An analyst already familiar

ANALYSIS OF MIXTURES WITH THE SCHOLANDER APPARATUS

931

with the Scholander apparatus will require a
slightly longer time to perform the analyses.
Minor errors due to nitrogen and oxygen con-
tent of the reagents are acknowledged. Dur-
ing measurement of solubility coefficients,
small volumes of oxygen and nitrogen pass §
into the gas phase. With samples of nitrous 3
oxide, oxygen, and carbon dioxide, similar dif- 3
fusion takes place. When the sample oxygen_:;_
concentration is 21 per cent there is no ex- =
change of oxygen; when FIo, is greater th:m§
0.21, a small volume of oxygen passes from Y
the gas into the liquid phase of the carbon E
dioxide absorber. The exchange of oxygen g
and nitrogen gives rise to small errors, which 3
can be disregarded if Fig, is less than 0.5.3
This is part of the explanation for the nega-
tive value for carbon dioxide in Table 1.
The negative value for carbon dioxide is @
also explained in part by the slight deviationg
from a direct relationship between the con-
centration of nitrous oxide in a mixture and
its solubility in liquids.* The higher the con-
centration, the greater the solubility. Fx.o
in the range of 0.6 to 0.9 causes an under-
estimation of Fgo, by 0.02 to 0.01.
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APPENDIX
Supplementary Details of the Method

1. Temperature equilibrium must be established §
within the water bath. Water bath temperature®
must be measured at the start of the analysis, and$
thereafter kept constant (:+0.1°C.). The watery
bath can be mixed with a slow stream of air bub-g
bles. °

9 Before each gas sample is introduced, the;
mercury is brought into the capillary tube. TheQ
analyst must then wait for 60-120 seconds to®

6 Aq ypd
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allow ARS to escape from the reaction chnmbe't_',
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9. The indicator drop must be kept as stationary
as possible during to the absorber. This

where a small volume tends to remain temp
between the mercury and the side walls.

3. The gas sample must be kept under slight
positive pressure during transfer from the tono-
meter by allowing the mercury column in the pi-
pette to fall slowly. Use of a syringe is less easy
and not recommen

4. An effort is made to exclude all ARS from
the capillary tube during introduction of the gas

le. Ifp t, ARS dissolves some gas before
the initial gas volume can be measured, and the
:_l\l;‘ssorber subsequently admitted is diluted with

range 4.8 to 5.2
6. After bringing the gas sample into the reac-
tion chamber and drawing an indicator drop into

5.' Micrometer reading M, should be within the

minimizes diffusion of nitrous oxide across the
drop. In the at of of the indicato2
drop, esperiments with 100 per cent nitrous oxid&S.
showed less than 0.1 per cent of initial gas vol9
ume lost in 10 minutes. I the drop was de
1ib ly moved conti ly, the loss was neve:
more than 2.4 per cent in 10 minutes. Shakingd
of the apparatus brought about the loss of Im%
than 0.1 per cent of the initial gas volume durin, =3
three mi An al ive approach to mini<
mize diffusion recommends a continuous flow ofy
nitrous oxide th h the i hambeg,
during analysis.2  The disad are that ity
is impossible to judge an appropriate flow rat&’
which will replace the air present, but will nof
p 1 pp 2kl 3 1:s ]t is

Jess convenient than the usual method. As a dis

place, the ARS is removed from the I
chzm‘lfer Air must not be sucked through the
1 as evaporative cooling b signifi-
cant. The stopcock is then replaced. It is left
open for 20-30 seconds until the slight movement
of the indicator drop ceases. During this time
temperature equilibration and humidification of
air in the compensating chamber take place. A
minute volume of gas dissolves in the ARS of
the indicator droplet. With a small indicator
drop, this change in volume should never be
greater than 0.020 micrometer units, and often is
near zero. As a check, M: should not change
when the stopeock is closed.

7. Four to five units of absorber is
the optimum volume; 3.5 to 5.5 units is accepl-
able. Outside this range, analysis is unsatisfactory.
With volumes greater than 5.5 units, the initinl
movement of the indicator drop tends to be very
rapid. Also, 2 much longer time than 90-120

ds is ired for plete solution and equi-
libration to take place. With volumes less than
3.5 units, emors in micrometer reading and dilu-
tion with the minimal drop of ARS become pro-
portionately greater.

8. The shaking of the apparatus should be con-
trolled so that the absorber covers the side walls
of the reaction chamber up to 2 level just below
the capillary tube. Control of the agitation can be
achieved manually with the analyst’s right hand
on the dowel hed to the mi handel
and his left hand on the horseshoe part of the
micrometer burette units, or by adjusting the ten-
sion in the spring connected to the eccentric pin
on the lley. This provides the gl
gas-absorber interface, and allows for the most
rapid and pl \. i Comp) bsormp
tion is confirmed i ining sta-
tionary in the capillary tube during the last 10

ds of agitati Ninety ds for carbon
dioxide absorption and 120 seconds for oxygen is
usually sufficient. ¥f during shaking the absorber
passes inta the eapillary tube, the amalysis should
be discontinued.

rect rison, the solubility of nitrous exide i
carbon REAE) 1 1 was d at o
temperature, first with air in the compepsating
chamber, and then with nitrous oxide flowing}
through slowly., The means of 6 analyses by eaclp
method differed by onl$ 0.16 per cent, the vario,
ability of each group being of the same order. s
An attempt was made to use mercury in the ing
dicator drop, but it proved unsatisfactory owing
to its high specific gravity and surface tension. Ed
10. Throughout the analysis it is unnccessary (@
bring the indicator drop down to the piccolyt®
coating of the rcaction chamber before readings
the micrometer. Mixing of the gas in the reactios®
chamber is rapid. There is no evidence that £
significant volume of ARS adheres to the side
walls of the capillary tube, or that such ARS ng
there may be is removed by bringing the indicatog,
drop down to the piccolyte. 4
11. When M, is read, the gas absorber interfac&®
is ht to the i ‘This rcading shoul
be made without delay, as 0.010-0.020 micrometc®
units of ARS may slide down the capillary tub@
on the top of the absorber. The stopeock should®
of course, be open for this reading. ©

Deriration of Equations

A. Exposure to Oxygen Absorher
Vea = Vaco: + Vao: + Vaxso
= Vico. + Vio; + Vax:o

—

Beeause of complete removal of COz and O,

Vix:o = VGF + Vaxeo
Also,

~

e 1dy g1 uoIsenBAq Jpd-2€680-00060296

Vax:o = 20a X Va
From (2) and (3)
Vixgo = Vor + (Aoa X Va)

Vixo _ (Aoa X Va) + Ver ¢
Yor Ver

A Fl,\'=o =
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From (1) and (3) Multiplying both sides by Ver, rearranging, and
Yo — (hoa X V) = Vicos + Vios converting to fractional concentration gives:
Ver-Fico: — Aca-Va FIo:

Dividing both sides by Va1 to convert to fractional
concentration: - Ver (VG:{ — Aca Va) ®
Gt

Vea — (hoa X Va)

.~ Fico, + Fro, = Ver ()  Equation (4) gives the fractional concentration of

N:O directly. Equations (5) and (6) enable calcu-
. . lation of Fo., and Fco,, Equation (6) ussumes no
B. Ezposure lo Carbon Diozide Absorber solution of o';)'gcn in the reagent. As long as the
sample contains less than 50 per cent oxygen this

Vea = Vaco: + Vaxo C o !
assumption results in no appreciable error. If more

= Vico: + )‘CA"’A-F_F‘\EO N than 50 per cent oxygen is present, the CO: absorber

= Vicos 4 Aca-Va (Var ~ Vio) should be equilibrated with oxygen before use, as

* Var suggested by Scholander in the original method.
Surgery

POSTOPERATIVE HEPATITIS Fifteen patients are reported who developed
postoperative hepatitis after receiving halothane anesthesia- Nine of these had
multiple administrations of the agent; eight of these cases became jaundiced within
8 days of the last surgical procedure. In the reported cases transfusion was es-
sentially ruled out as a causal agent as were other possible hepatotoxic medications.
Two of the patients had pre-existing liver disease; none gave historic evidence of
recent exposure to infectious hepatitis. The evidence of these cascs is suggestive
but not conclusive that hepatotoxicity is more frequent after multiple exposures to
halothane and in those patients with a history of previous liver disease. (Mendel,
E., and Trostel, R.: Hepatitis following Halothane Ancsthesia, Pacific Mecd. 75: 28
(Jan.) 1967.)

STERILIZATION OF APPARATUS The use of anesthesin equipment results
in contamination of that equipment in as high as 80 per cent of the items employed.
(No protection is offered by the soda-lime cannister on anesthesia machines, al-
though this has been reported.) Adverse reactions to potent germicidal agents ap-
plied to apparatus have long since been reported and have eliminated otherwise
satisfactory methods of sterilization. No difficulty of this sort was experienced
with buffered glutaraldehyde which was found to be superior to herachlorophene
and a 70 per cent alcohol soak. The sterilizing action of ethylene-oxide gas has
been reported and its application to decontamination of anesthesia apparatus has
been suggested. Because of the various requirements of processing, especially the
time clement and the bulkiness of quite large amounts of rubber articles, it often is
not feasible to adopt this method. A carefully documented relationship between
contamninated anesthesia apparatus and the incidence of postoperative infections
should be studied further. In the interim, decontamination by use of buffered
glutaraldehyde is superior to many presently used techniques. (Meeks, C. H., and
others: Sterilization of Anesthesia Apparatus, J.AM.A. 199: 276 (Jan.) 1967.)
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