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Gn3 Annlysin Apparntus 

Principles 

The appnrntus enables one to de termine the percentage compo sition of 
carbon dioxide c:md oxygen nmongst the perrnnnent g11s e s in the snrnple. Thnt 
is to say, considerations of wnter v a pour do not come into the a n a lysis, 
and since the chief permanent Q.:lSe.S we cire COl1CGrned with are CO 1 0 nnd 
N21 the determini'.\tion of the first two nlso give s the % of N

2 
(~y 2 

subtraction from 100%). 

The fraction of expired cir or alveolflr air which is mnde up of the 
permnnent gases depends on wh~t fraction of the a tmospheric pressure is 
exerted by wnter va.pour (this de pends on t e mperature) nnd whnt fra ction of 
the atmosphe ric pressure r e mains to be exerte d by the p e rma n ent gase s. The 
pressure cxsrted by ench gas is the pre ssure exe rted by the thre e p e rma n e nt 

( . . pf'e ssur ~ lt. 1 . gases i.e. atmospheric pressure less saturn ted wciter-v~pourJ mu ip i e d 
by the percentage composition of thnt gas expre sse d n s a fr2ction. 

In the appnratus a measured volume of gns (V1) is first exposed to 
KOH to remove co

2
, and the volume (V2) measured again. The gas is the n 

exposed to an o2 -absorbing solution and its volume me asured a third time 
_(VJ). 
Thus volume of oxygen removed. 

v1 - v2 

VI 
x 100 o' CO 

~ 2· 

v - VJ 2 x 100 
v • 

1 

• N.B. The volume of oxyg e n removed must be expressed as a percentnge 
of the original volume v1 • 

The detail e d technique of a nnlysis is directe.: to ensuring adequa te 
gas mixing nnd to avoid errors due e.g. to expa nsion or contraction of 
gas volwnes due to tempernture chnnge. 

Method 

By reference to the apparatus itself or to the diagra m it will 

be observed that there are four gl a ss bulbs or burettes ~nd five taps. 

1. The calibra ted or measuring burette can be filled with mercury from 
n reservoir - the tubing contains a t a p (mercury tap) a nd there is a screw 
clip for fine adjustments. 

2. At the top of the me a suring burette is a three-way t a p which cnn 
oithcr connect the burette to the sho rt smnpling tube (through which a 
sample of gns is admitted) or to the tube lending to the pota sh and 
nntnfquinone burettes (along which _the gn3 is pa ssed during tht .:!.bsorp
tion of co2 or o2 ). 

It should be realised that the me asure d volume s of gas a re to this 
tap only. Thus for accura te work the re m~st b e no nbsorbnblc gas in the 
tubing leading to the pota sh or ' nnthrnquinone burcttes - this is why it is 
necessary to 'clecr' the ~ppnrntus by nn initial dummy analysis (see later) • 

. . . I 
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J. The potah burettc (clenr solution) and nnthraquinonc burettes are each 
provided with n flexible U tube leading to a reservoir contcining the snme 
respective solution. In the narro\1 tubing above the bulbs ere mnrks to 
\<l1ich the solutions should be adjusted initinlly with the three-way taps 
adjusted so thut both solutions ~~e open to the atmosphere (i.e. the pressure 
in the narrow tubes is atmospheric). T nnd T 

0 
in T position. 

02 c 2 

N.B. Once the levels hnve been set the o~ygen reservoir shoulG not be raised 
or lowered for the rest of the practical period. 

4. To compensate for fluctuations in tcmpernture most H.::.ldiDes hnvc 
(i) n water jacket surrounding the mcnsuring burette, and (ii) an empty 
burette in the"snme water jacket which cLn be connected to a second nnrrov 
tube connected to the potash reservoir. This should be opened to the 
atmosphere initially end the fluid brought to the correct level. T in temp 
position T. 

In the dingram the three levels ere labelled a.bend c. The purpose 
of the extra burette is to indicate any volume change due to temperature 
fluctuation. 1'urther, cny tempernture-produced changes ccn be compensated 
for by raising or lowering the KOH reservoir to bring the fluid .::.gain to 
level b 1 and this compensnting pressure c;1onge wil 1 also be exerted on the 
sample of gas under analysis. This temperature-compensnting device is 
called the the rmobnrometer. 

N.B. Once the fluids have initially been set to their correct levels at 
atmospheric pressure Taps Tt c::.nd T

0 
ore turned to the --1 position and 

should rcmnin so for the res{mgf the p9ncticnl period. 

Dummy Analysis (and An.:ilysis). 

5. With Tsa mple coTnnkect~d to the 1 sam~ling tu~e, open THg and lower the 
mercury reservoir. a e in a samp e o~ room air to more tha n the 9.5 ml 
mark. Close THg and hang the mercury reservoir at the _T_O_P_0_1'_·_T_HE __ RA_C_K_. 

N.B. During the course of analyses it is very important always to hnng 
the reservoir at the TOP. 

6. See that T is in ---1 position and turn T 
1 

first cff for 
CO . . samp e . 

30 seconds ( to allow for temperature equ1l1bration7, then turn it so that 
it connects to the co2 absorbing burette. If the level moves from "a" 
readjust by t!.e screw clip on the :.-.,.,;:cury t~be. Check that level "b" is 
nlso correct. Rene the gas volume. (Since the KOH solution was previously 
adjusted to level 'n' at atmospheric pressure, this means the volume of the 
sample is also being measured nt atmospheric pressure.) 

7. Now open the mercury tap (TH ) and allow the mercury to rise into the 
bulb - the sample will be displac~d into . the KOH bulb. Take the mercury 
reservoir and raise and lower it, keeping t.he mercury rising and lowering 
in the wid~ part of the bulb of the measuring burette. This mixes the 
sample and ensures that it-··i ·s all exposed to the KOH surface. Raise and 
lower 12-20 times for co

2 
absorption (20-JO for o2 absorption as o2 is 

less soluble that C02). 

8. Slowly low'."r Hg reservoir watching the potash level, and when 1/8 11 

abo.ve the mark turn off TH and hnng the reservoir at the TOP. Adjust 
level of potash finally wi~h screw clip. Read volume and repeat last 
paragraph to see if any further voh.:me is nbsorbed. In tnking volume 
finally, sec that 'a' and 'b' levels are correct. 
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_I 9. Next turn Teo? to position so thnt the sample cnn pess along 
to 0

2 
absorber ( s oaium hydorsulphitc nnd anthrnquinonc-~-sulphonnte) . 

Open mercury tap (TH ) ~nd allow mercury to rise in bulb of measuring 
burcttc, then proceeH ns in para.?. 

10. After JO mixings lower the m6rcury reservoir more slowly 1 wAtching 
the anthrc. :.pL.:or.c 1 evel. (It helps to sten.dy the knuckl cs of the hnnd 
agninst the rncjc ns the reservoir is being lowerec.) When the level 
• . • + /8 I • is within -· 1 of the r:m:!"k 7.urn off TH nnd hnng the reservoir nt the 

top. Adjust finnlly with the screw clip? Rend volume ~nd repeat to 
confirm no further abs orption is teki~g place. (This is n ~ecding without 
temperature compensntion but is sufficient to ensure thnt no further 
absorption is occurring.) 

11. With nnthrnquinone on level 'c' go beck to KOH by turning Teo to 
--{ position. Use KOH reservoir to ndjcist level 'b' if necessary2.:ind 
screw clip on mGrcury tubing to adjust level 'a'. Then, with levels 'a', 
'b' and 'c' all adjusted, make final reading (temp. compensated). 

The readings of the 'cummy nnnlysis: nre of course inaccurate because 
atmospheric air in the tubes lending to the burettes would contain o

2
, 

but at the end of this ana l ysis these tubes are now filled mninly with 
_nitrogen. 

So finally tnp T ii:; connected to the se.mpling tube and the 
so.m~le ~ 

mercury tap opened nnd r.i12rcury brought c<lrefully to within i.. 11 of the top 
of the sampling tube , T.:lp 'i'u is th? n turned off nnd the screw clip used .-1g 
to bring the mercury leval up to the top of the sampling tube. The mercury 
reservoir can be hu:1g nenr the bottcm of the ruck at this stage, so that 
by opening the mercury tu.p a sa;;1ple oi gas will nutomotically be taken 
in to a level bet~een 9,5 o.nd 10.0 ~11 . Once the gas is taken in, THg is 
closed and the mercury reservoir J;.;_mg D.t the TOP. 

A true analysis follows the abo ve p~oc8dures ond each nnnlysis lenves 
the apparatus 'cleared' rendy for the neY.t (sc long as tc.ps Tt and T

0 
remain closed from tJ.-ie atr.1o sphe:-2). ernp 2 

N.B. All important ·.rolu:ne rendings nrc mode with lcv'3ls 'a', 'b' nnd 'c' 
adjusted . These o.re the vol'.!:7!es used for calculating the results, i.e. 
volumes V V --nd \' r ·-.,.~-- - -..,, -' -'-..., ·~-1 ->-h~ . .,.; __ ~, · c;,,....c ... :on 1 1 2..... J - - -- - --. --- - - ..... ~ ---~- """ -"- . 

Note.For : : :.mul nccuracy in rcsenrch wo1·k it is necessary to see that 
the gos in the narrow tube 'between the KOH level 'a' and tc::.p Teo is cle<:red 
of oxygen. One w;J.y is to connect to the KOH after the first o

2 
2c::.bsorption 

has been completed, raise and lower t!12 mercury level to mix this gc.s with 
the larger volume of 1.: 2 free !JD.S 1 reset the KOH level and connect to the 
nnthraquino ne bure tte.for n second o 2 nbsorption. Dy omitting this 
procedure the maxir.iu~ error in n first analysis of e . g •. alveolar air is 
to mnke the volu;ne of oxyge:1 3°t-!::orbed too lnrgc by about O .01 ml. Where 
duplicate nnd triplicnt~- ~nnlyses of the same sample are being carried 
out this procedure is unnecessary, as the gas between 'a' and tap Teo 
will hnve the same composition ns the beginning and end of a replicata 
analysis . 
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