Anesthesiology
\' 35, No 3. Mar 1973

Laboratory Note

Joule-Thompson Coefficient for Anesthetic Gases

Eric Grossman, M.D.*

The Joule-Thompson coefficient, which relates
hange of to ch of pressure, was
calculated for several gaseous and volatile anes-
thetic agents from heat capacity, critical tempera-
ture, and critical pressure, using a computer pro-
gram. It was found that agents such as nitrous
oxide and carbon dioxide which have high con-
stant tank pressures as well as large Joule-Thomp-
son coefficients and high condensation points may
cause problems with valve freezing. (Key words:
Joule-Thompson coefficient; van der Waal con-
stant; Gas, expansion; Gas, cooling.)

Tue JouLE-THoMPsoN EFFECT is well known
to anesthesiologists.! When a compressed gas
escapes from a storage cylinder through a
narrow valve orifice into the atmosphere, the
gas cools during its passage through the valve.
The gas passing through the orifice then cools
the area of the eylinder in and around the valve,
and moisture from the atmosphere may con-
dense there. This effect is independent of the
cooling of the upper part of a tank that results
from the extraction of heat necessary to vapor-
ize liquid to gas within the cylinder.

In the past, for example, great care was
taken in the preparation of tanks of nitrous
oxide to ensure that before compression the
zas was free of water vapor. The cooling
which takes place when a cylinder valve is
“cracked” may be sufficient to freeze any ad-
mixed water vapor and block the valve. To
prevent this, heat was supplied directly to the
valve by a warm-water bath, spirit lamp, or
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warm towels. “Fins” were also added to reg
ducing valves to facilitate heat transfer frong
the atmosphere in order to maintain the tems
perature within the valve above 0 C. YV 'itl@
modern drying techniques, however, the frozclg\
nitrous oxide exit valve is no longer a problem®

This ph n of the gas state, ecolZ
ing due to expansion, is called the “Jouled
Thompson effect,” and occurs because of deg
parture of real gases from the ideal gas l‘n\a.E
As a gas streams from an area of high pressure2.
(storage cylinder) through a porous plug oy
throttle (reducing valve) to an area of lowg
pressure (atmosphere, anesthesia circuit), th(u
molecules disperse and external work is pcr-g,,
formed in overcoming the attraction thq}o’
molecules have for each other. When this i%
an  adiabatic process, internal energy i
utilized and the temperature of the gas fulls.
An ideal gas will not cool on expansion beulheo
there is no attraction between the IllOlCLlllCa.O
Anesthetic gases, however, are not ideal, .mdm
when expansion through a reducing \':1]\0’:
occurs the diffusion of heat from the atmo-<g
sphere to the gus is relatively slow and thes
process approaches the adiabatic state.

The Dutch physicist Johannes D. van derd
Waal (1873-1923) modified Boyle’s law to3
describe the behavior of real gases that de\'iute?n
moderately from ideality. He considered theg
volume the molecules themselves oceupy, asg
well as the attraction they exert on each other,
thus
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(P+a/V)(V —b) = RT

where

dy 0L uo 1s8nb A
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= attractive force between molecules (lite
atm/mole?)

b = actual volume occupied by molecules

(liter/mole)
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I’ = observed pressure (atin) Tank 1. Values for a, b and u as Caleulated §
R onstant (liter atm/K/mole) from Cp, P and T 2
T served temperature (IX) I3
. G: L Q

YV = observed volume (liters). i : " a
- . - . Air 13378 | 0.0366 | 0271 S
The Joule-Thompson coeflicient u, or dT/dP,  Curbon dioxide 3.60&3 0.0:;24 0.7;"; g
(the ratio of temperature fall to pressure drop)  Chloroform 31141 | 0.1018 1.6915 g_
is less well known to anesthesiologists. Values Cyclopropane L3333 1 0.0756 11208 _g
7 anesthetic agents 0 =

"f“l f‘;r o ':;c”: 'i","‘ f et b Diethyl ether 0.1349 9561 B
available in stundard texts of anesthesia or  p, Fopioride 0.0%07 1'4_1‘,"%
handbooks of physical constauts®  Using  Ethylene 0.0368 0.7578 b
classic equations of physieal chemistry, a  Halothane 0.1497 1.1808 E
computer program was written to caleulate Heli 0.035: 0.0241 0,100 a3
adilv avails atad elium 0353 .02 —0.1050 3

u {x:om readily available (}..ltd. . e Hydrogen 02416 | 0066 | 00221 2
. }o caleulate the Joule-Thompson coe -ulent Nitrogen 1.3667 | 0.0392 02397 §
it is necessary to know the heat capacity at  Nitrous oxide 0.2446 | 0.0443 0.7165 3
constant pressure, Cy, or the number of calories 8
needed to raise the temperature of 1 mole of O‘_Yg"“ 0'“’“9 0.2784 @
eus 1 C: the eritical temperature T, or the Trichlorvethylene 0.1127 0.9682 5
gas ; the eritical iemperd © Water 0.0304 1.2470 2
temperature above which a substance cannot  Xenon 0.0312 13531 5_
exist in the liquid state, and the eritieal pres- 3
<

sure P, or the pressure necessary to liquify a
gas at its critical temperature. These values
of Cp, Te and P are readily available, as they
are important constants for industry dealing
with compressed gases?

Tt can be shown® that

_2a /
where
_ 27 B*TS
T
RT.
h= ST,
and
C, = heat capacity (cal/mole)
P. = critical pressure (atm)

T = ambient temperature (20 C or 293 K)
Te = critical temperature (K)
u = Joule-Thompson coefficient (K/atm)

Discussion

Since u = dT/dP, to caleulate the decrease
in temperature dT from Joule-Thompson ex-
pansion, u and dP must be known. The values
for u have been calculated and are given in
table 1. The driving pressure on pressure drop
dP is tank or gauge pressure (see table 2).
dP is constant for vapor above liquified gases
such as nitrous oxide, carbon dioxide, and

aoue

c\'cloprop.mc, since so long as some liquid®
remains in the cylinder gauge, pressurc wills
remain constant. Thus, for nitrous oxi(le(-;h
51.0 X 0.7165 = 36.5 C, a drop in temperature®
certainly great enough to cause freezing of any%)
water in a valve. This problem does not existg
with cyelopropane even though it has a munhN
greater Joule-Thompson coefficient than m-cn
trous oxide because its tank pressure is mu«.hto
lower. §

The condensation temperatures for thel
anesthetic agents present as gases in cylinders’®
are listed in table 3. As can be seen, the cou-é
densation point for cyclopropane is relatively o 2
high, but this is offset by the extremely Im\w
tank pressure. Hydrogen and helium hav S

LOOO'O

Tasee 2. Values for Gauge Tank Pressures of Ful

Tanks of Gaseous Anesthetics g

Y

Gas Gauge Tank Pressure g

«Q

[=

Cyclopropane 6.2 8
Nitrous oxide 31.0 o
Ethylene 85.0 >
Helium 200.0 S
Carbon dioxide 56.0 Ps
Nitrogen 150.0 =2
Oxygen 200.0 N
Atmospheric air 200.0 N
Ethyl chloride 0 *
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Tanek: 3. Condensation Points at One Atmesphere
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TFor gases such as oxygen and compressed air,J

wange pressures fall as the amount of zas3

Gas Detrees € diminishes, and dI’ will become smaller as theg
Cyelopropane —33 tank is bled. Thus, cooling owing to Joule-§
Nitrous oxide —8S Thompson expansion will decrease as the tankZ
Lthylene —go—i is bled. However, noue of this cooling resultsg
g::l!::: dioxide :;(8;5) in any observable change in gas flow becauses
Nitrogen —196 the condensation points for these gases areS
Oxygen —183 so low. §
Air —194 o 5}
Xenon —108 References 2
1. Adriani J: Chemistry of Anesthesia. First edi-Z

tion. Springfield, IiL., Charles C Thomas, 1946,%

pp 9-10 S

negative Joule-Thompson coefficients, which
means that these gases warm on expansion, as
has been observed experimentally. It was
found that agents such as nitrous oxide and
carbon dioxide that have high constant tank
pressures as well as large Joule-Thompson
coefficients and high condensation points can
give problems with valve freezing. With
nitrous oxide this is compounded further by
the fact that the freezing point is within two
degrees of the condensation point.®

Neonatology

MONITORING PERFUSION IN CARDIOPULMONARY BYPASS Two
techniques are reported: 1) the use, in the neonate, of the umbilical artery rather
than the aorta for estracorporeal circulation; 2) the use of a muscle pH electrode
for continuous monitoring of muscle pH as an indicator of peripheral tissue perfu-
sion and respiration. The umbilical artery is easier, faster, and simpler to use for
extracorporeal circulation than the aorta and was adequate from the hemodynamic
point of view: 300 ml/min at a perfusion pressure of 110 mm Hg with a no. 8 Fr.
end-hole polyethylene feeding tube. Complications of umbilical-artery catheteriza-

tion are discussed.

When perfusion is adequate, muscle pH is essentially the same as arterial pH.
When muscle perfusion decreases, muscle pH falls due to Jactic acid production but
arterial pH will not reflect it, since inadequate perfusion does not remove the lactic
This difference between muscle pH and arterial pH forms

acid from the muscle.

the basis for monitoring the inadequacy of peripheral perfusion.
and Filler, R. M.: The Use of the Umbilical Artery and Muscle pH Monitoring in
vy Bypass, ]. Thorac. Cardiovasc. Surg. 63: 973-976, 1972))
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