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2,974,018 
VOLUMETRIC APPARATUS FOR DETERMINING 

THE GAS CONTENT OF LIQUIDS 

Joseph A. McNeilly, Plymouth Meeting, Pa., asslgnor to 
Arthur H. Thomas Company, Philadelphia, Pa., a cor 

' poration of Pennsylvania 

Filed Feb. 3,1959, Ser. No. 790,863 

11 Claims” (Cl. 23-253) ' 

The present invention is directed to volumetric ap 
paratus for determining the gas content of liquids, and 
more particularly to Van Slyke volumetric apparatusof 
the type where mercury is used as the con?ning ?uid. 
The Van Slyke clinical apparatus for determining the 

gas content of blood has been modi?ed so as to eliminate 
the need for shaking. Thus, United States Letters Patent 
2,773,747, issued December 11, 1956, in_ the names of 
Duncan E. King and myself discloses such apparatus com 
prising a magnetic stirring bar which is actuated by an. 
externally spinning driving magnet. 
The apparatus disclosed in aforesaid Patent 2,773,747 

constitutes the most efficient Van Slyke apparatus hereto 
fore developed, and has virtually obsoleted all prior types 
of Van Slyke equipment. However, it has been found 
that a problem arises in Van Slyke volumetric equipment 
wherein mercury is used as the con?ning ?uid, issuing 
through the lower tubulation to raise and lower liquid 
reactants in the apparatus, and to compress and expand 
gases evolved from such reactants. The magnetic stir 
ring bar, which comprises a magnetic metal alloy covered 
with an essentially inert envelope such as a monochloro 
?uoroethylene polymer, is of lower density than the mer 
cury. Thus, the magnetic stirring bar tends to ?oat on 
the surface of the mercury. Since such apparatus is best 
built with the extraction chamber comprising a relatively 
large circular cross-section portion surmounted by a small 
er circular cross-section portion surmounted by a gradu 
ated tube, the magnetic stirring bar is prone to pass into 
the smaller circular cross-section portion upon the rais 
ing of the mercury. This is most undesirable since the 
presence of the magnetic stirring bar within the upper 
tubulation must be avoided as otherwise blocking of the 
upper tubulation in which the gases to be measured will 
occur. 

The use of a manually applied exterior magnet to limit 
the extent of movement of the magnetic stirring bar has 
been attempted, but has not proved to be satisfactory. 
Thus, the use of such magnet requires manipulation by 
the operator and is inconvenient. In addition, the manu 
ally applied magnet is subject to being lost. 

This invention has as an object the provision of im 
proved volumetric apparatus for determining the gas con 
tent of liquids. 

This invention has as another object the provision of 
improved apparatus of the aforesaid type in which mer 
cury, is used as the con?ning ?uid and is passed from the 
lower tubulation directly into the extraction chamber. 

Another object of the present invention is the provi 
sion of Van Slyke apparatus comprising an extraction 
chamber having a relatively large circular cross-section 
portion surmounted by a smaller circular cross-section 
portion surmounted by a graduated tube with a magnetic 
stirrer within the extraction chamber in which the possi 
bility of the magnetic stirrer ascending into the smaller 
circular cross-section portion of the extraction chamber 
iscliminated. . - ' 
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Other objects will appear hereinafter. 
For the purpose of illustrating the invention there is, ' 

shown in the drawings a form which is presently pre-R 
ferred; it being understood, however, that this invention is ' 
not limited to the precise arrangements and instrumen 
talities shown. ‘ 

Figure 1 is a perspective view of a preferred embodi 
ment of the volumetric apparatus of the present invention. 

Figure 2 is a view taken on line 2-2 of Figure 3 with 
parts broken away for clarity and the stirring bar re-. 
moved. ‘ 

Figure 3 is a view taken from the position shown onv 
line 3-3 of Figure 2 with parts broken away for clarity 
and with the graduations on the extraction chamber de 
leted. ‘ 

Referring to the drawings, the volumetric apparatus of‘ 
the present invention comprises a base 10, which may be 
in the form of a tray carried on supports 12. 
A pair of standards 14 and 16 extend upwardly from 

the base 10, and may be anchored in the supports 12. 
The standards 14 and 16 are braced by means ofv 

brace bar 18 which joins such standards and main 
tains them in rigid disposition. The housing 20 is carried 
intermediate the standards 14 and 16 by clamps 22. As 
clamps 22 may be adjustably tightened along the vertical 
height of the standards 14 and 16, the relative disposition 
of the housing 20 in reference to the base 10 may be 
regulated. 
‘The standard 14 carries the mercury reservoir 24, 

whose height may be selectively adjusted in respect to: 
the standard 14. This is accomplished by carryingthe 

' mercury reservoir 24 on the ring clamp 26. Handle‘ 
means 28 are provided on the mercury reservoir 24 for. 
manipulation of such reservoir if the same is desired. 3 a 
A ?exible tube 30 of impervious plastic or the like‘ 

extends from the mercury reservoir 24 to the reservoir' 
and lower stopcock member 32. Such reservoir and. 
lower stopcock member 32 may be supported by means 
of clamp 34 on the brace bar 18. The upper end of, 
the reservoir and lower stopcock member 32 is provided 
with a ball-and-socket joint 36 which may be matingly 
secured to a mating ball-and-socket joint member 38 car 
ried at the bottom end of the burette assembly, which 
burette assembly is designated generally as 40. A con-v 
ventional’ pinch clamp 42_or like spring clip may be used" 
to secure the ball-and-socket joints 36 and 38 together..v , 
The presence of the ball-and-socket joints 36 and 38 in~ ~ ‘ 
termediate the reservoir and lower stopcock member 32/ 
and the burette assembly 40 enables a gas-tight seal to be 
obtained between the reservoir and lower stopcock mem- ‘ 
ber 32 and the burette assembly 40 while permitting facile 
connection and separation of these units. Moreover, the; 
presence of the ball-and-socket joints 36 and 38 permits 
the apparatus to accommodate to shock, since a rigid .» 
system is avoided. 
The burette assembly 40 comprises the outer jacket 44 .7 

within which is disposed the extraction chamber desig-4v ‘ 
nated generally as 46. 

The extraction chamber 46 comprises a relatively?» 
large circular cross-section portion 48 within which is 
disposed the magnetic stirrer or stirring bar 50. The: 
magnetic stirrer or stirring bar 50 comprises" a magnetic" 
metal, such as iron, coated with an inert plastic, such; 
as monochloro?uoroethylene polymer. The stirring bar - . 

of an elongated rectangular prism, 50 may be in the shape 
or as a cylinder. 

The extraction chamber 46 comprises a smaller circu- " 
lar cross-section portion 52 surmounted upon the rela-xr 
tively large circular cross-section portion 48. As' seen .. 
particularly in Figure 1 the smaller circular cross-section 1' 
portion 52 is graduated so as to facilitate volumetric, 

r-readings. 7’ A‘ graduated tube~54is mounted upon the-'3 
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smaller circular cross-section portion. The boreof grad 
uated tube 54 is of smaller. diameter than the smaller 
circular cross-section portion 52, and the graduations on 
such graduated tube 5.4 are scaled to permit precision 
readings. The extraction chamber 46 including its rela 
tively large circlar cross-section. portion 48, smaller cir 
cular cross-section portion 52‘, and graduated .tube 54 is 
an integral member, preferably formed of high grade 
glass. The outer jacket 44 is sealed at its bottom end by 
stopper 56 and at its. top end bystopper ‘58. An aperture 
may be provided in stopper 58 .for receiving a thermom~ 
eter 60. Thermometer 60: may beutilized to determine 
the temperaturewithinthe outer jacket 44. 
A stopcock 62 having an exhaust outlet 64 and a 

graudated liquid inlet 66 ‘is provided at the top of the 
burette assembly 40 in communication with the gradu 
ated tube 54 of the extraction chamber 46. 
The burette assembly 40 is supported in reference to 

the housing 20 by supports 68. which aredisposed beneath 
a shoulder on the outer jacket‘ 44 and by the spring clamp 
70 which engages the outer jacket 44. 

Electric motor 72 is disposed within housing 20 and 
is secured to the inner surface. of a wall thereof. A 
permanent bar magnet 74 is mounted at its center on the 
shaft 76 of motor 72. Rotation of the permanent bar 
magnet 74 provides a rotating magnetic ?eld resulting 
in the movement of the stirring bar 50 within the rela 
tively large circularcross-section portion 48 of extraction 
chamber 46. 
A ?xed permanent bar magnet 78 is vertically dis 

posed within housing 20 adjacent the upper portion of 
relatively large circular cross-section portion 48 and 
smaller circular cross-section portion 52 of extraction 
chamber 46 as seen particularly in Figure 3. The ?xed 
permanent bar magnet 78 is preferably maintained in 
its vertical disposition by means of bolts 80 and 82 which 
hold the spring clamp 70 against the housing 20. A ?at 
plate 84 joining the bolts 80 and 82 secures the ?xed 
permanent bar magnet78 against the inside surface of 
its juxtaposed housing wall. Nuts 86 carried on the 
bolts 80 and 82 retain the flat plate 84 against the ?xed 
permanent bar magnet and provide for its securement. 
As can be seen from Figure 2, the vertically disposed 

?xed permanent bar ‘magnet 78 is in axial alignment with 
the permanent bar magnet 74 carried by the shaft 76 
of electric motor v72 when the permanent bar magnet 74 
is vertically disposed. 
The speed of rotation of the shaft 76 of electric motor 

72 may be controlled by a rheostat 88 mounted on the 
front face of housing 20 in order to control the degree 
of vigor of stirring. An automatic interval timer 90 may 
also be provided on the front face of housing 20 to con 
trol the time duration of stirring. 
The operation of the volumetric apparatus of the sub 

ject invention is as follows: 
Van Slyke determinations are made in accordance with 

the standard Van Slyke procedure involving the flow of 
mercury from the mercury reservoir 24 into the extrac 
tion chamber 46, both prior and subsequent to the rota 
tion of the stirring bar 50 induced by the rotation of the 
motor-mounted magnet 74. The stirring bar 50 will 
?oat on the surface of the mercury. 

In the absence of ?xed permanent bar magnet 78, the 
stirring bar 50 would rise with the rising mercury. Not 
withstanding the ?eld of the permanent bar magnet 74 the 
stirring bar 50 is prone to leave the relatively large cir 
cular cross-section portion 48 of the extraction chamber 
46 and enter into the smaller circular cross-section por 
tion 52. This capturing of the stirring bar 50 by the 
permanent bar magnet 78 prevents the stirring bar 50 
from blocking the smaller circular cross-section portion 
52 and the tube 54, which would interfere with the Van 
Slyke determination. 

In the apparatus of the present invention the ‘?xed 
permanent bar magnet 78 maintains the stirring bar '50 
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in the upper portion of the relatively largecircular cross» 
section portion of the extraction chamber 46 when the 
stirring bar has risen to such ‘height by the upward move 
ment of the mercury within the extraction chamber 46 
(see the phantom line position of the stirring bar 50 in 
Figure 3). After the mercury has been brought down 
below the relatively large circular cross-section portion 
48, the stirring bar 50 is released from the magnetic ?eld 
of the permanent bar magnet 78. This is accomplished 
by rotating-the shaft 76 which carries the bar magnet 74. 
Thus, after one turn, thebar magnets 74 and‘ 78 are 
fully opposed weakening the magnetic ?eld of ‘the “bar 

During such weakening of the magnetic 
?eld the stirring bar 50 drops from its own weight from 
the magnetic ?eld of the magnet 78 and becomes cap 
tured within the magnetic ?eld of the rotating permanent 
bar magnet 74, as the magnetic ?eld of the bar magnet 
78 is weakened to such an extent that it can no longer 
bear the weight of the stirring bar 50. 
The present invention may be embodied in other 

speci?c forms withoutdeparting from the spirit or essen 
tial attributes thereof and, accordingly, reference should 
be made to the appended claims, rather than to the fore 
going speci?cation as indicating the scope of the invention. 

I claim: 
1. Apparatus comprising an upright vessel containing 

a stirring barcomprising magnetic material, an elongated 
?rst magnet uprightly mounted adjacent said vessel, 
means for rotating said ?rst magnet, and an elongated 
second magnet ?xedly mounted adjacent to and above 
said ?rst magnet, with said second magnet being adjacent 
said upright vessel. 

2. Apparatus in accordance with claim 1 in which said 
?rst and second magnets comprise permanent bar mag-_ 
nets. 

3. Apparatus in- accordance with claim 2 in which the - 
second magnet is ?xedly mounted in vertical disposition. 

4. Apparatus in accordance with claim 3 in which the’ 
?rst and second magnets are in axial alignment when the‘ 
?rst magnet'is vertically disposed. 

5. Apparatus in accordance with claim 3 in which the 
second magnet is spaced a distance from the ?rst magnet 
within which the mangetic ?eld of the second magnet is 
reduced to such a level upon the rotation of the ?rst 
magnet that the stirring bar when held by the second 
magnet is released. 

6. A volumetric apparatus for ascertaining the gas con 
tent of a liquid of the Van Slyke type in which mercury 
is introduced into an extraction chamber including an 
extraction chamber comprising a portion of relatively 
large interior. cross-section surmounted by a portion of 
relatively small interior cross-section, a mercury reservoir 
in communication with said extraction chamber, a stirring 
bar comprising magnetic material within said extraction 
chamber, an elongated ?rst magnet uprightly mounted 
adjacent said portion of the extraction chamber having 
a relatively large interior cross-section, means for rotat~ 
ing said ?rst magnet, and an elongated second magnet 
?xedly mounted adjacent the upper portion of the portion ' 
of the extraction chamber having a relatively large in 
terior cross-section with said second magnet being above 
and adjacent said ?rst magnet. 
'7. A volumetric apparatus in accordance with claim 6 

in which each of the magnets is a permanent bar magnet. 
3. A volumetric apparatus in accordance with claim 7 

in which the second magnet is ?xedly mounted in vertical 
disposition. 

9. A volumetric apparatus in accordance with claim 8 
in which the two magnets are in axial alignment when the 
?rst magnet is disposed in vertical disposition. 

10. A volumetric apparatus in accordance with claim 9 
in which the second magnet is spaced a distance from the. 
?rst magnet within which the magnetic ?eld of the second ' 
magnet is reduced to such a level upon the rotation of the 
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?rst magnet that the stirring bar when held by the second References Cited in the tile of this patent 
magnet 15 release‘? . . . , UNITED STATES PATENTS 

11. A volumetnc apparatus m accordance wlth clalm 6 y I 
in which ‘a ball-and-socket joint is disposed intermediate 2129502 Mccreary ------------ -- S¢Pt' 6' 1938 ‘ 
the mercury reservoir and the extraction chamber, which I 2,580,012 Gflzda --------------- -- D°°- 25' 1951 1 

joint is held together by spring clip means, and which $351332; ------------ "133“ 1151' 7' ' y ' . ' '1 _ , ‘ , __________ __ . , 

jomt perrmts the abSOI'PHOH of shock and the fam e sepa 2,859,020 Eddy “"7- ____________ " Nov" 4, 1958 
ration of the extraction chamber from the mercury 
reservoir. 


