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The present invention has to do with a device vestigators to the present time have been of bulb 
used for determining the hydrogen ion concen- shape, or have been bulbs with depressions t0 
tration of solutions and relates particularly to hold the sample. All of these bulbs required a 
the electrode used therewith. considerable portion of the sample. Another 

5 For the purpose of understanding the origin type of electrode consisting of a hollow tube with 5 
and development of the- present device, a brief a thin glass membrane across its end is capable 
statement of the early history of glass electrodes of using as little as two drops of such sample. 
and their use is given. Each of the electrodes used required more skill 
In the development of means for determining in its preparation than the electrode to be de 

-' 10 hydrogen ion concentration, the advent of the scribed herein. 10 
quinhydrone electrode greatly facilitated the For the purpose of explaining the nature of a 
measurement of hydrogen ion concentration in glass electrode, a speci?c application will be used. 
many solutions. It eliminated the bulky source When proper aqueous solutions are separated 
of hydrogen gas. It also eliminated the diili- by a thin glass wall, there exists a di?erence in 

15 culties with solutions which foamed excessively, potential between the two solutions; this dif- 15 
and the troublesome preparation of electrodes ference, as a rule, bears a Simple relationship 
which frequently become poisoned and useless. to the di?erence in density of free hydrogen ions 

Especially gratifying was the diminished time (hereafter designated by the symbol pH) of the 
required for equilibrium. The quinhydrone solutions. 

20 electrode was not a, perfect electrode by any If the pH of either of thesolutions iS known, 20 
means, and it had its special utility in acid solu- the pH of the other may be obtained by using 
tions. In practice, it did not give accurate data already compiled from the use of the glas 
values in solutions more alkaline than pH 8.5‘. electrode. . 
Repeatedly the question ,has arisen as to the ' Notwithstanding that .the glass electrode, like 

25 possible interaction of the quinhydrone with the the hydrogen and the quinhydrone electrode. is 25 
material in solution. an electrometric method, the apparatus usually 
The glass electrode is now on trial. The di?i- employed for measuring eleetl'omotive forces 

culty encountered in the glass electrode has been is not Suitable- The immediate di?ioulty en 
in the preparation of the electrodes themselves countered With the glass electrode, Which Sepa 

30 and in the extreme fragility of the electrodes. rates the liquids. is that the glass O?eI‘S Such a 30 
In the device hereinafter described, these dis- high resistance to the passage of current that 

advantages are fairly well eliminated, In addi- even a sensitive galvanometer‘is not equal to the 
tion, the quahtity of the material required for ‘task of indicating the inequality of the Opposed 
examination has been reduced below one one- Potentials- ' 

35 hundredth of a cubic centimeter. Where a quadrant electrometer is employed 35 
Up to the present time, in the use of the glass in place of a galvanometer, it is found that a. re 

electrode, it would appear that more time has ?ned technique is necessary. One form of elec 
been used in developing a satisfactory voltage- trometer, however, has been found useful for this 
measuring device thaninproducingasatisfactory Purpose That is the Lindemahn electrometer, 

40 form of glass electrode. which is rugged, very compact, and requires no 40 
At least-four methods of measuring the voltage levelling. Its moving system is so small that the 

have been advocated. Early workers used the entire instrument may be Placed on the Stage 
usual types of quadrant electrometers. Then of a microscope Where the movement of the 
came the methods which employ a thermionic indicator needle maybe Observed (along a mi 

45 valve.- These were very bulky. The construc- crometer scale) through an eye piece. 45 
tion of tube equipment in the laboratory was With the introduction into the system of an 
also di?icult. ' electrometer that is sufficiently sensitive to be ac 
One investigator used and advocated the bal- tuated by the minute currents passing through 

listic galvanometer. Other of the investigators the walls of the glass Capillary, the problems 01 
50 depended upon other types of galvanometers, satisfactory shielding and insulating the system 50 

E?orts have been made to reduce- the resistance have become of paramount importance. Evident 
of the electrode system to the point that the cr- ly if the set-up requires a potentiometer circuit 

' dinary galvanometer could be used but without in which no de?ection of the electrometer is the 
great success. indication of perfect balance, the slightest static 

55 Most of the electrodes employed by the in- effects must be eliminated. The metal box, which 55 
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is described later and in which all‘of the parts 
of the apparatus are housed, furnishes the shield 
ing required. The switches, which form the con 
trol parts of the electrometer circuit and provide 
means for grounding and charging. the quadrants 
and the needle of the electrometer, must bebuilt 
with proper insulation of quartz and of bakelite 
or other similar dielectric substance so as to avoid 
the slightest leakage of the charges on these parts 
of the electrometer while observations are‘being 
taken. The glass-electrode set-up that includes 
the glass electrode, the connecting vessels and the 
accompanying calomel .or other half cells,‘ and be-_ 
cause it is electrically connected to the needle 
of the electrometer, must be well insulated by 
quartz or the like so that, when desired, the charge 
on the needle may be maintained at a constant 
magnitude fora period of time. 
With this brief statement concerning the ?eld 

and the prior art'in the scope of the present ‘in 
vention the plausibility of the various objects will 
be recognized. 

It is one object of the present invention to pro 
vide ‘a new and improved device or system for 
the determination of the hydrogen ion concen 
tration of solutions and to make a more rugged 
and compact device for this purpose than has 
heretofore been practicable. 
Another object of the invention is to provide 

a new and improved apparatus for the detection 
of minute di?'erences in electric potentials of so 
lutions whereby the hydrogen ion concentration 
of one of those solutions may readily be deter 
mined. ~ 

Another object of the invention is to provide 
a special three-circuit switch having ‘ an espe 
cially high insulation factor by the use of quartz 
and bakelite' or other phenol preparation so that 
the plates of the Lindemann electrometer may 
be charged by a “3" battery or grounded at will 
and the needle of the electrometer charged by 
the glass electrode cell and also grounded at will. 
A still further object of the invention is to pro 

vide a unique and improved device in which mi 
nute electrical phenomena may be observed and 
measured free from the in?uence of outside elec 
trical forces or the like. - 
These objects, and such other objects as may 

' hereinafter appear are obtained by the novel 
50 

60 

construction, unique arrangement, and improved 
combination of elements described in the accom 
panying specification and illustrated in the at 
tached drawings, hereby made a part of this 
specification, and in which: 

Figure 1 is a vertical section through a com 
plete device embodying the subject matter of the 
present invention, the arrangement being gener 
ally as the apparatus is used; 
Figure 2 is a schematic representation of the 

electric circuits used in the device illustrated 
in Figure 1; 
Figure 3 is a schematic representation of the 

circuit employed in‘ the electrometer shown in' 
' Figures 1 and 2; 

65 

70 

75 

Figure 4 is a view in perspective illustrating 
a typical glass electrode such as is used in the 
present apparatus, and the method of cleansing 
such electrode; ’ 

Figure 5 is an enlarged sectional view of the 
glass electrode shown in Figure 4; and 
Figures 6, -7 and 8 are respectively, top, side 

and end views of the high insulation switch em 
ployed in the present apparatus. 

Like reference characters are used to designate 

or it may be entirely of metal. 
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similar parts in the drawings and in the descrip 
tion of the invention which follows. _ 
For housing the apparat , a box 10 is provided. 

Such a box may be of w ' interlined with metal 
In the present 

instance, the box or cabinet shown in Figure 1 
comprises walls of wood with a metal outer cas 
ing 11, a metal inner lining 12, and-a metal bot 
tom 13, the metal forming a shi d from foreign 
electric ?elds. I; 
For convenience in the asse bly of the appara 

tus and for purposes of inspection, ,the box is 
provided with a removable cover or top 14. The 
cover or top is also of wood with metal inner and 
outer plates 15 and 16 respectively. The electric 
circuits to be later described are arranged on 
the sides of the box, being placed on panels which 
are attached to either side of the box. Stems 
1'7 for potentiometer knob 18 extend to the ex 
terior of the box on one side. One such stem 
and knob are shown in Figure 1; the view of the 
others is obstructed by those shown. Push but 
tons 19 and 20 extend through a side of the box 
at a position above the knobs 18. Suitable open 
ings in the walls of the box and through which 
the stems and buttons project, permit free ma 
nipulation thereof. An opening 21 in the top 
of the box is provided for the eye-piece 22 ‘of the 
microscope 23. ~ 

'A window 24 is placed in the side of the box 
for illuminating the needle and scale of an elec 
trometer 25 by permitting the re?ection of light 
in a mirror 26 of the microscope. A millivolt 
meter 27 forming a part of the circuit used in 
the device may be disposed on the under side 
of the removable top. Reading of the milli 
voltmeter is had through a window 28. Access 
to the interior of the box from the top, and by 
means of ‘a hinged door (not shown) at the front, 
may be had without disturbing the assembly of 
parts because of the orderly arrangement thereof. 
In the device described, there are three electric 

circuits, shown diagrammatically in Figure 2. In 
the first circuit, a known potential is set up by 
an ordinary dry cell 29 of one and one-half volts 
acting through ?xed resistances 30 and 31 in series 
with two potentiometers 32 connected in parallel 
and manipulated by the knobs 18. 
The ?xed resistances 30 and 31 are of twenty 

ohms and two ohms respectively, and the two po 
tentiometers 32 are each twenty ohms. The milli 
voltmeter 27 is connected commonly across the 
terminals of the potentiometers 32 at the bind 
ing posts 33 and 34. The millivoltmeter which 
has proved highly useful has a double scale, the . 
lower scale reading to three hundred millivolts 
and the higher scale reading to twelve hundred 
millivolts. When the high range scale is to be 
used, the positive lead of battery 29 is transferred 
to the binding post 35 at the extreme right of the 
panel 36, thus cutting out the twenty ohm re 
sistance 30. The electric circuit just described is 
completed through the metal lining 12 of the cabi~ 
net to which one side of the potentiometers 32 
and one side of the battery 29 are grounded. The 
binding post 34 is also grounded to the lining of 
the cabinet so that the millivoltmeter will read 
the voltage drop across the potentiometers 32. 
In another circuit including the leads 37 and 38, 

Figure 2, one pair 39 of the electrometer quad 
rants, Figure 3, is brought to approximately 
twenty-two volts above ground and the’ other 
pair 40 to about twenty-two volts below ground 
by means oi’ blocks of “B".and “C” batteries, 41 
and 42, acting through the high insulation switch 
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shown in detail in Figures 8, 7 and 8. This switch 
is capable of‘ charging the‘ quadrants and the 

, electrometer needle 43 or grounding them as de 
sired by the operator. Grid leaks 44 and 45, Fig 
ure 2, are mounted on the high insulation switch 
to prevent damage to the electrometer by limiting 
the‘ ?ow of current in case of a short circuit there 
across. 
The “C"- batteries are included in the twenty 

two volt battery blocks 41 and 42 so that they 
may be removed and replaced to change the po 
tential of the electrometer quadrants by reason 
ably small units. It has been found convenient 
to connect a one thousand 'ohm rheostat (not 
shown) of the potentiometer type across a “C” 
battery (not shown) that is connected between 
the battery blocks 41 and 42. to place the single 
pole switch 46 at one side of this parallel arrange 
ment of the battery and rheostat and to connect 
the contact arm of the rheostat to the ground in 
place of the ground connection shown. In this 
way, the relative voltages impressed on the two 
sets of electrometer quadrants may be adjusted 
more delicately than by inserting or removing 
units of “C” batteries. , 
The third circuit includes the electrometer 

needle 43, (see Figure 3) and the glass electrode 
set-up. The needle 43 is connected to a single 
pole double-throw switch 47, Figures 2, 6 and 7, 
having a movable arm 48, so that the needle 43 
may be connecigldirst directly to the ground, and 
then to the ground through a' series connection 
with the glass electrode system. Although this 
circuit appears to join the circuit heretofore 
termed number one, which contains the dry cell 
29 and the variable resistances 32, the E. M. F. of 
this third circuit opposes that of the ?rst cir 
cuit. Therefore, if the voltages drop across the 
potentiometers 32, caused by the current flow 
ing in the ?rst mentioned circuit, is equal and 
opposite to the voltage of the electrode system, 
the position of the needle remains unchanged 
from that assumed when it is connected directly 
to the ground. 
The high-insulation switches before mentioned, 

and shown schematically in Figure 2, are really 
combined into one switch with three ?exible arms 
‘48, 49 and 50, see Figures 6, 7 and 8. 
A base 51 for the switch is made from a heavy ' 

bakelite sheet and is mounted on the shield cabi 
net 10 by means of studs 52 and screws 53. The 
studs 52 are made of a material adapted to in 
sulate the base from the metal wall of the cabi 
net. The spring metal strip 48, shown at the 
lower left in Figure 6, is securely held beneath 
the heads of bolts 54 and 55 encased in tubular 
pillars 56 of quartz that may be cemented in the 
bakelite plate 51 with litharge or other cement. 
The other end of screw 54 serves as a binding post 
to which is connected a ?exible conductor 57 
leading to the electrometer needle. This strip 48 
carries at its extended end two tungsten contact 
points 58 and 59, the ?rst of said points ?rmly 
touching a similar contact 60 attached to the end 
of a rod 61 that extends through another quartz 
pillar 56. A ?rm contact between the points 58 
and 60 is so important that a special adjusting 
screw 62 is provided so that the tension of the 
spring 48 may be regulated. To the other end ' 
of the rod 61 is attached a lead 63 connecting 
terminal 64 of the calomel cell 65. If the bind 
ing post 54 is electrically connected to the elec 
trometer needle 43 and contact 60 is electrically 
connected to the glass electrode system through 
the calomel cell 65, the electrometer needle will 

‘of any electric charges. 

be charged to the potential developed by the 
glass electrode set-up when contacts 60 and 58 
are together. ' 

The other contact 59 attached to strip 48 op 
poses, but does not normally touch the contact 
66 on the end of a shorter spring-metal strip 67 
mounted on a metal bridge 68. A ?exible metal 
strip 69v is also connected to ‘the metal bridge 68, 
see Figure 7. This bridge 68 is permanently 
grounded to the metal shield of the box by a 
metal strip 70. ‘ ‘ ' 

When the button 19, which projects outside of 
the wall 10 of the shielded box, is pressed inward 
ly, the rod 71 that is free to move in the metal 
sleeve 72 displaces the strip 67 'so that contact 66 
touches contact 59 concurrently to separating 
contacts 58 and 60. This establishes a direct 
ground connection to the needle 43 to relieve it 

When the pressure on 
button 19 is removed, contacts 58 and 60 come 
together again, the ground connection is broken 
and a charge is restored on the-electrometer nee 
dle. Thus, at the will of the operator, 9. charge 
can easily be placed on the electrometer needle 
or removed therefrom. , 

The circuit just described comprises strip 48, 
which is the uppermost of the three parallel 
strips 48, 49 and 50, as illustrated in Figure 7. 
In Figure 7 it can be seen that strips 49 and 50 
are adapted to be commonly pressed by the 
spring strip 69 to be connected to the grounded 
bridge 68. This double spring strip 69 is manip 
ulated by the push button 20. 
The spring strips 49 and 50 are anchored at 

an end in the same manner as is the strip 48. 
Quartz bushings 56 are adjacent theanchored 
ends of the strips 49 and 50, there being'rods 75 
and 76 within the bushings and in electrical con 
tact with the strips. Circuit legs 77 and 78 con 
nect the rods 75 and 76 to the binding posts 79 
and 80 of the electrometer and hence independ 
ently to the pairs of quadrants in the electrom 
eter. ‘ 

The switches comprising strips 49 and 50 are 
manipulated for charging and discharging the 
quadrants of the electrometer in the same man 
ner as is the switch for charging and discharg 
ing the electrometer needle. Normally the free 
end of the contact strip 50 is in contact with the 
positive electrode 81 of one group of “B” batteries 
41 while the contact strip 49 is in contact with 
the negative electrode 82 of the group of “3" 
batteries 42, the positive and negative charges 
of the batteries being, therefore, spread on the 
two pairs of quadrants 39 and 40 respectively. 
The electrodes just designated by the reference 
characters 81 and 82, shown schematically in Fig 
ure 2, are mounted on the switch base 51 simi 
larly to the contact point or electrode 60. 

Pressure on the button 20 will ground the 
strips 49 and 50 and consequently the electrom 
eter quadrants to remove the electric charges 
therefrom. The high resistance grid leaks 44 
and 45 are connected in series with electric cir 
cuit including the electrometer quadrants to pre 
vent excessive current passing from the batteries 
to the quadrants and to thus obviate the danger 
of overcharging them. - 
Because the glass electrode set-up, shown in 

Figures 1 and 2, is electrically connected to the 
needle of the electrometer, it must be carefully 
insulated by a quartz support or the like from its 
support. The main part of the support is a 
tripod 85 with a vertical rod 86 to which four 
brackets 87, 88, 89 and .90 are attached; the 

3 . 

20 

30 

35 

45 

50. 

55 

60 

70 

75 



10 

20 

25 

30 

.35 

40 

45 

55 

60 

85 

70 

75 

4 
brackets 8'7 and 90 are for the support of the 
calomel cells 65 and 91; the brackets 88 and 89 
are for the support of the vials 92 and 93 in 
which the glass electrode proper 94 is immersed. 
In each of the four brackets, the connecting arm 
to which the supporting cup is attached is made 
'of quartz, thus effectively insulating. the glass 
electrode from the metal. box upon which the 
tripod rests. The calomel cells 65 and ‘91 are 
identical. Their structure is shown in detail in 
Figure 2. 7 

In the bottom of each of the calomel half cells 
‘is a layer of mercury 115. Above the mercury 
are layers of calomel paste and saturated cal 

1,990,768 
the tip. 100 extends into the vessel 92 containing 
saturated potassium chloride solution 101. In 
this way the sample within the tube 94 is com 
pletely set apart from the external ?uid 99 by 
the thin walls of the capillary tube while con 
tact of the sample is established with the solu 
tion 101. The result is the separation of sample 
and reference buffer by a glass membrane which 
is the wall of the capillary tube, and the forma 
tion of an electrical potential across said mem 
brane. . . 

Thus, it is manifestthat an electric cell is ‘set 
up. The E. M. F. developed between terminals 
64 and 102 by the two half-cells acting through 

cium chloride denominated by the reference ?he glass electrode 94, when an unknown liquid 
characters 116 and 117 respectively. An aper 
tured stopper 118 is inserted in the mouth of 
the calcium half cell vessels, the apertures ac 
commodating bridges 95 and 96 and the elec 
trodes 64 and 102. The bridges 95 and 96 extend 
only far enough into the vessels to reach the 
calcium chloride for making electrical contact 
therewith, the electrodes, however, extend to 
the bottom of the vessels where an effective con 
tact with the mercury is insured by ?attened 
sections 119. Flattehed sections 119 are pr fer 
ably made of platinum. Glass rods ‘120 en elop 
the metal electrodes 64 and 102‘ to‘insulate t ein 
fromv the half cell layers 116 and 117. . 
The calomel half cells 65 and 91 are electrical 

ly connected to the solutions in the glass electrode 
vials 92 and 93 by glass bridges 95 and 96 con 
taining either a liquid potassium chloride solu 
tion or the usual potassium chloride and agar 
agar ?ller. If desired, simpler half cells with 
an acid buffer and quinhydrone in place of the 
calomel and mercury may be used. 
The structure of the glass electrode will next 

be described. A thin walled soft glass test tube 
is used to prepare a capillary tube 94 having a 
bore 97 not over one-half millimeter in diameter. 
The thickness of the wall of the capillary tube 
will usually average about twenty microns. The 
ratio of the wall thickness to the bore diameter 
is substantially that of the original tube. The 
volume of the capillary tube is usually one-hun 
dredths cc. or less. 
The electrical resistance of the electrode or 

the wall of the tube 94 is several hundred meg 
ohms. The use of special glasses that have 
been found particularly adapted for preparing 
other types of glass electrodes would tend to 
diminish this value. Because a satisfactory re 
sultmay be had from capillary tubes drawn from 
soft glass tubes, it is unnecessary to employ 
special glasses for all ordinary work performed 
with the device under- discussion. ‘ 
The tube which is but a few centimeters long 

may be bent into the shape of an exaggerated 
s, as shown in Figure 4. No difficulty arises 
in making the necessary bends if the glass is 
first softened by heat. A [small electric heat 
er is useful for this purpose. Sharp bends are 
to be avoided, for if they are avoided, the cap 
illary is practically immune from breakage. The 
capillary sections readily ?ll themselves when 
brought in contact with the sample of the mate 
rial to be tested. makes possible the col 
lection of a fraction of a drop of the sample in 
a manner to avoid the transfer of other material 
and hence contamination of the sample of the 
?uid. ‘ 

After the tube 94 is ?lled with a sample of so 
lution to be tested it is placed so that the bend 
at 98 rests within the reference fluid 99 while 

is contained in the latter, .will be different from 
the E. M. F. developed when either the reference 
phthalate solution, or a different unknown liquid 
is contained in the capillary. These differences 
in potential may be observed by reading the 
millivolt meter for each change of liquid at the 
time a balance is obtained between the potential 
across the potentiometer and the potential devel 
oped by the electrode system. The glass wall of 
the tube 94 separating the liquids has such a 
high resistance that only minute currents can 
float therethrough. It is for this reason, as well 
as for the reason that should any appreciable 
current ‘be taken from the cell the potential 
thereof would be altered, that the very sensitive 
electrometer and potentiometer system is neces 
sary for the measurement of the potential of 
this cell. . ' i 

In making a determination, the capillary tube 
94 is ?rst filled with a solution of known acidity 
and the resulting electromotive force in the glass 
electrode assembly determined. 
A convenient solution for this reference solu 

tion is M/20 normal solution of potassium acid 
phthalate. The electrode 94 is then removed, 
washed externally and internally dried, and ?lled 
with the unknown solution. 
The electromotive force is again determined/1 

and the difference between this value and that/ 
of the ?rst.electromotive force obtained. This 
difference is millivolts, if obtained from the data 
taken when the solutions are vat 25° ’C., and when 
divided by the factor 59.1 gives the difference in 
pH between the phthalate solution and the un 
known. The factor 59.1 is taken from a previ- ‘' 
ously prepared chart. 

If the solution which bathes the exterior of 
the capillary tube is a neutral buffer, the volt 
age obtained with the phthalate in the capillary 
tube is in the neighborhood of one hundred . 
eighty millivolts. Solutions more alkaline than 
the phthalate give values less than this and those 
more acid give greater values. 
The difference in millivolts, after converting to 

pH by dividing by. thevproper factor, is added to 
or subtracted from 3.98 (the pH of the phthalate 
solution), depending on whether the voltage ob 
tained with the unknown is smaller or larger 
than the voltage set up by the phthalate solution. 
It follows that the voltage becomes smaller as 
the solution becomes more alkaline. Near the 
neutral point, the observed voltage is zero and 
beyond. this the potential increases in the oppo 
site direction, requiring that the terminals 64 and 
102 be interchanged. » 

A voltage so obtained is marked with the nega 
tive sign, and added to the voltage recorded be 
tween the phthalate solution and the solution 
bathing the capillary tube. The purpose of using 
the intermediate solution instead of comparing 
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the unknown and phthalate solutions directly by 
placing the phthalate in the cup is the elimina 
tion of sources of error. It is essentially a meth 
od of substitution. In the process of taking dif 
ferences any constant errors which appear in 
the observed voltages will disappear, or be auto 
matically cancelled. These errors are such as an 
inaccurate zero setting of the voltmeter, inequal 
ity of the two calomel half cells or liquid junc 
tion potentials at the half cells. 
To determine the voltage of an unknown sys 

tem with the apparatus shown schematically in 
Figure 2, the switch 103 which is connected to 
the dry cell29 and the switch 46 are closed. The 
millivoltmeter 27 then assumes a position which 
may be varied by adjusting the potentiometers 
32. The double-pole switch arms 49 and 50 are 
momentarily thrown to ground by pressing the 
button 20. This relieves the quadrants of‘the 
electrometer of any electric charge. When the 
button 20 is released, the quadrants are con 
nected to the battery blocks 41 and 42 for a re 
charge. ' 

The needle of the electrometer 
grounded by pressing the push button 19 for de 
pressing the grounded contactor 66 against the 
contaotor 59. Whilethe electrometer needle is 
grounded, and hence at zero potential, the posi 
tion of the needle image on the scale in the eye 
piece of the microscope is noted. , 
Upon releasing the spring strip 67, the needle 

39 of the electrometer is automatically connected 
through the post 61 with the electrode system, 
which is in series with the known voltage across 
the potentiometers 32 and the ground. 
unknown voltage of the electrode system which 
is in opposition to the potential across the resist 
ance 32 does not cancel that known voltage, as 
measured by the millivoltmeter 27, the net un 
balanced voltage causes the electrometer needle 
to take another position. The resistance 32 is 
then adjusted until the voltage drop thereacross, 
due to the current from the battery 29, is-just 
equal and opposite to the potential of the elec~ 
trode system. 
When this is accomplished, there will be no de 

:?ection of the electrometer needle when the 
grounded contactor spring er is removed from 
the spring 48 to permit the spring did to again 
become electrically connected with the electrode 
60 because the electrode 6G is at that time at 
ground potential. The voltage of the electrode 
system is at this time‘ equal to that shown on the 
millivoltmeter scale. The sensitivity of the elec 
trometer is such that the voltage may be easily 
adjusted to one half millivolt. Using a 16 MM 
objective and a 15m: ocular, a sensitivity of ten 
eyepiece divisions for an electromotive force of 
thirty or forty millivolts is possible. 
The sensitivity of the electrometer increases as 

the potentials imposed on the quadrants of the 
electrometer approach the critical values fur 
nished by the makers of the instrument. 
The main object of this type of glass electrode 

has been to obtain a rugged and compact elec 
trode assembly rather than to investigate the na 
ture of the glass electrode. No effort has been 
made to determine the limitations of glass elec 
trodes. In keeping with the effort to obtain a 
rugged and sturdy piece of apparatus, the ap 
paratus herein described was, on one occasion, 
transported for several hundred miles in an auto 
mobile. Within one hour after the completion of 
the journey, the apparatus was set up and ac 
curate measurements made therewith. 

is next. 

If the‘ 

5 
Another important feature of the invention is 

the ingenious arrangement of the electrical sys 
tem so’ that all external rheostat knobs and 
switches are grounded to themetal wall or lining 
of the cabinet so that the potential thereof will 
not be changed when touched by an operator. 
Hence, this very sensitive apparatus is unaffect 
ed by the operator in the process of taking meas 
urements. The hands of the operator naturally 
rest on the box and .do not introduce to the sys 
tern any undesired electrical charges. 
What is claimed as new ‘and is desired to be 

secured by Letters Patent of the United States is: 
1. For use with a device for determining the 

ion concentration of a solution, an electrode com 
prising a capillary tube of a dielectric material 
and containing the solution during such determi 
nation. - . 

2. For use with a device for determining the 
hydrogen ion concentration of a solution, an elec 
trode comprising a glass tube of dimensions to 
draw such solution therein by capillary action 
and containing the solution during such determi 
nation. ' v 

3. For use with an apparatus for determining 
the hydrogen ion concentration of a solution, an 
electrode comprising a capillary tube of dielec 
tric material containing such solution, a second 
solution in contact with only the exterior walls 
of said capillary tube, a support for said elec 
trode and said solutions, and means for insulat 
ing said electrode and said solutions from said 
support. 

4. An apparatus for determining the hydrogen 
ion concentration of a solution comprising the 
combination of a cell having a capillary tube of 
dielectric material enclosing such solution, a ves— 
sel containing a‘body of saturated potassium 
chloride solution, a second vessel containing a 
body of reference solution, a section of the ex 
terior of said capillary tube being in electrical 
contact with the body of reference solution and 
an open end of said tube extending into said 
body of rive-semen: chloride, the potassium chlo 
ride solution and the reference solution being of 
opposite polarity in said cell, a source of electri 
cal energy, means for ascertaining the poten 
tial of said source of energy, means for modify 
ing the potential of such source, electrical con 
ductor means connecting the reference solution 
to the side of said source of energy of like po 
larity, and means for detecting equalization of 
the potential of the body of potassium chloride 
solution and or the other side of said source of 
energy. , 

5. In‘ an apparatus for determining the hydro 
gen ion concentration of a solution, 'a cell com 
prising a capillary tube of dielectric material con 
taining the solution under determination, a ves 
sel containing a body of electrical conductor solu 
tion, a second vessel containing a body of refer 
ence solution, a section of the exterior of said 
tube being in electrical contact with the body of 
reference solution and an open end of said tube 
extending into the body of electrical conductor 
solution, said bodies of conductor solution‘and 
reference solution being terminals of opposite 
polarity of‘ said cell, in combination with a source 
of electrical energy of variable potential, means 
for changing the potential of said source of en~ 
ergy, means for ascertaining the potential of 
said source of energy, electrical conductor means 
connecting said body of reference solution to said 

source of energy at the side of like polarity, means for detecting when said body of electrical 
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conductor solution and the other side of said 
source of energy are of the same potential. 

6. Apparatus for determining the hydrogen 
ion concentration of a solution and comprising a‘ 
capillary tube of insulating material containing 
such solution duringdetermination of the ion 
concentration thereof, said tube having a U 

refer 
ence solution. ' 

'7. An apparatus for determining the hydrogen 
ion concentration of a solution and comprising 
the combination of a cell having a capillary tube 
of dielectric material enclosing such solution, a 
vessel containing a body of saturated potassium 
chloride solution, a second vessel containing a 
body of reference solution, a section of the ex 
terior of said capillary tube being in electrical 
contact with the body of reference solution and 
an open end of said tube extending into said 
body of potassium chloride,\the potassium chlo 
ride solution and the reference solution being of 
opposite polarity in said cell, a standard half 

_ 1,990,768 

cell, a conducting‘ bond of potassium chloride 
solution between the saturated potassium chlo 
ride in the first vessel, and said half cell, a sec 
ond standard half cell of potential equal to that 
of the ?rst half cell, a conducting bond of potas 
sium chloridesolution- between the reference so 
lution in said second vessel and said second half 
cell, the whole cell thus formed providing‘ for a 
given observation an invariable source of elec 
tromotlve force, and a second source of electro 
motive force opposing said ?rst source, means for 
ascertaining the potential of said second source of 
electromotive force, means for modifying the 
potential of said second source, electrical con 
ductor means connecting said second half cell to 
the side of like poiarity of said second source of 
electromotive force, and means for detecting 
equalization or the potential of said ?rst half cell 
and of the other side of said second source of 
electromotive force. ~ 

WILLIAM J’. YOUDEN. 
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