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LECTRIC CONSTANT AND THE SPECIFIC CONDUGTANCE OF
PURE LICUID HYDROGEN SULPHIDE

Is IIMRODUCTION

It has appesred importent to pregisely determine the
dieleetric constent and the specifie conductance of pure
liquid hydrogen sulphide by means of en slternsting eur~
rent bridge method. Recent advances in precision methods
have been brought asbouit by the introduction of the vYacuum
tube generstor as a source of slternating current of sym~
metrical wave form; by the use of vacuum tube amplifiers
for incressing the sensitivity of the detecting instrument,
and by the introduction of shielded networks incorporating
the ﬁagnarfaarthing device for minimizing and balancing
stray couplings between verlious branches of the network,
 and betwecn these branches and esrths

Shedlovsky (1) has made s mathemetical anslysis of
the theory of sarth capscity errors in the Ay Cs Wheat~
gtone bridge and has described a completely shielded
bridge network with which measurements of high precision
can be made. The most important contribution of this work
however, was the proof that properly designed electrostatie
sereening could be nseﬁ without error. This point had

'~ been seriously guestioned by Jones and Josephs (2), who
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had Fra?ieusly deseribed a network for the Eohlrsauseh
method that made use of the new vacuum tube features, a
sultable earthing eireculit, aﬁd dispensed with the use of
the oircular slide wire (whieh produces an inductive

asymm

etry in the balancing eireuit). The work of Jones
and Josephs 1s probably the first most important saatri~
bution in the field of elestrolytie conductance singe the
time of Xohlrausch. In the writer's opinlon, no one
should attempt conductance work until he has thoroughly
reviewed the above cited literature. In fact the data from
these two papers (and from the mors recent publications of
Jones and of Shedlovsky) are of such & nature as to make
guestionable the validity of all prior conductance work,

The reported values for the elesctrieal conduetance
of liguid hydrogen sulphide (3){4)(5)(6), vary from

-1 3 -1 «1 3
em to 1 x 10 t ohm ! em 3 obviously

0.1 x 10 ° ohm
these are not in good agreement. The attempts of earlier
investigators to establish a value for the condustanes by
means of the conventionsl Kohlrauseh method resulted only
in indifferent success because of the extremely high re-
sistivity of the ligquid. The later investigators there-
fore resorted to the artifice of a galvanometer method
employling & direet current., This deviee 1s aaé&sifahla
because of polarization phenomena and because a value so

obtalned esnnot be significant ia the interpretation of
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conductance data obteined on solutions of the liquid by
the use of alternating current and a bridge method.

The dielsetrie constant of the liquid has not here-
tofore been reported at the temperature of -78.5%°C. 3ince
this is the temperature at which the properties of sclu~- |
tions in the licuid have hgaa investigated most extansivsly,
it would appear that a knowledge of the constant at this
particular tempersture would be of importance.

The problem of mbtéiniﬁg values for the dielectrie
sonstant and specifie eanéuﬁtane& of the liguid resolved
itself primarily into the cholee of an alternating current
bridge method sultable for the measurement of very lerge
raaistane§ and gapacitance, and into the sslection of a
method for the production of chemically pure hydrogen
sulphide. ’

After consulting the literature relative to bridge
Eathéds and to ﬁialaetrie theory (7)(8), it was found
expedient to treat the liguid as an imperfect dialeetria
showing leaksge conduetance, and to consiruet & condenser
bridge network by which the power factor and dielectrie
constant of the liquld eould be measured. From these
values the equivalent parallel resistance was computed, and

transformed in the conventional way to specifie conduetance.
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II. THE PREPARATION OF CHEMICALLY PURE
LIQUID HYDROGEN SULPHIDE

It has been the practice in this laboratory to prepare
liquid hydrogen sulphide from hydrochloric acid snd irom
sulphide by the method of sntony and Magri (9) as modified
by quam (10). This method 13 quite satlsfactory for the |
production of a large quantity of the liguid which is to be
used fdr,salvan% purposes. However, for &anﬁaatsaae‘wark.
it seemed advisable to employ a aimpi&r method for production
of the liguid. The literature was therefors consulted with
kr&f&r&n&a to methods for the preparation of hydrogen
sulykiaa and to the purity of the product ﬁhtained by the
methods.

Cardoso (11} found thet hydrogem sulphide greparaé
from pure iron sulphide and hydrochlorie acid is chemieally
impure, and still remained so after fourteen fractional dis-
tillations, beeause of the impossibility of removing the
dissolved hydrogen and a sllightly soluble aily'matarial of |
higher bolling point (whieh he took to be hydrogen polysulphides).
In an attempt tayyurify ﬁh& gas Cardoso (12) absorbed the gas
in sodium hydroxide solution @nd‘agaia iiﬁ@rataé it by aelidu-
lation with hydrochleriec aeid. This process freed the gas from
the dissolved hydrogen but a larger fraction of the higher
boiling peoint substance {hydrogen polysulphides) was pro-



n-aq

duced thean before. The hydrogen sulphide was then absorb-
ed in a magnesiwn hydroxide suspension end egain iibaratad'
by hesting the solution. The ﬁydragan,sulphide thus pre=~
pared was nesrly free from polysulphides and after froction-
al distilletion gave g product that hed a satisfactory erit=~
i{zal point.

4 considerxtion of Cardosots sxperience would lesd
one to suspect that the polysulphides were formed because
of the influaﬁae of the free acid used in the acidulation
progess for {(a) polysulphides were found in the gas pro-
duced from iron sulphide and hydrochloriec seid,{b) in the
gas from sodium bisulphide and hydrochloric acid, but (e)
polysulphides were practieally absent from the hydrogen
sulphide gr&ﬁu@a& by the thermal deconposition of nag~
nesium sulphide in aqueous solutions. It is probsble that
polysulphides would have been entirely absent if they had
not been contoined in the hydrogen sulphide which was
used in the formestion of the magnesiwn sulphide.

From the foregoing it is to be concluded thst chem-
ieaslly and thermodynemiecally pure hydrogen sulphide may
be prepared by the hydrolysis of certein sulphides, for
example aluminum sulphide (which msy be easily synthesized
frém the elenents)s This ideml case is very nearly real~-
ized in the method of Habermanu {13}, who in 1890 produced
hydrogen sulphide by treating caloium sulphide with a



aaﬁuraﬁaﬁ solution of msgnesium chloride and heeting the
mixture to 60°C. ‘?hé reaction is an execeedlngly smooth one,
and the rate of gas evolution msy be easily controlled by
varying the temperature of the reactants. We can heartily.
eonfirm the report of Randall and Blehowsky (14) that "the
'gas {hydrogen sulphide) is probably purer than that prepared
by sny other known method®. | |

Satweleker, Butler and Wilklinson {log. ¢it.]} have
8kéwn that traces of water exert a market influence upon the
conductance ﬂfyliéuiﬁ hydrogen sulphlde. The ap?ara%uﬁ used
for the purification and 1ign§£aatiea of hy&rag&nvaulphiéﬂ'
in this investigation was so designed that the liguid could
be fractionally distilled dif@aﬁly into the test cell. This
process eliminated the possiblility of ény contaet with
atmospherie moisture. |

‘The apparatus employed is shown dlagrammatiecslly in
Figure 1. 4ll conneetions waré‘aitnar'gXass seals or ground
gless joints, thersby preventing contaet of the gas
and rubber. sa indicated, the gas was gan#raaa& in flaak‘
(o), weshed with water (B), barium sulphohydrate (¢}
for the removal of éaiﬁ factors such as earbou ﬁiexi&e;
drisd with caleium chloride (D), aluminum sulphide (E),
and phosphorus pentoxide {F). It was ths# passed through

a baffle (G) for the removsl of entralnmed solids, liquefied
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FIG. I

THE LIQUID HYDROGEN-
SULPHIDE GENERATOR
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a1 atmospheriec pressure by mesns of a 4ry iece~ether bath
that surrounded the condenser (H), and collected in the
container {I). It was then fractionally distilled, econ~
densed at {J) end collected in the test cell (X). Dewar
flasks (L) contained the cooling mixture.

The eail waes blocked from atmospheric contamination

by means of s sultable train comnected to the cell outlet.
The caleium sulphide used was analysed for sulphide

present by t:aatiﬁg a welghed sample with 1:4 sal@hurie
acid and catehing the evolved hydrogen aulghiéa in a neutral
3 percent cadmium sulphate solutions. The preeipiteted
cadmium sulphide was treated with an excess of standard
- iodine solution and the excess lodlne was titrated with
standard sodium thiosulphate solution, Two determinations
gave the values @;,@9,5 and 41.6 per cent calceium sulphide,
In ¢aleulating the yield of hydrogen énl;hi&a from
this method, one must teke into eonsideration this low

per cent of esleium sulphide in the reactant.
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IIT. THEORIES OF NETWORKS

ilternating current bridge measurements are made by
arranging a network of eonduetors, which are referred to as
the braneches of the network, and supplying two points in
the network with an alternating potential difference, while
two other points are "bridged” by a eonductor consisting of
a detecting device. The various branches contain the test
specimen and the stendards of resistance, ecapacitance, ete.
The constants of these branches are then adjusted until a
condition of halance sxists whieh is indicated by a zero
current flow through the bridging instrument. The constants
of the test specimen are then determined by calculations
involving the balance conditions.

The networks harein'eenaiaarad are composed of various
cambinatiens of resistance and capaeclitance, and a statement
of the current voltage relastionships of these simple
cuantities when subjeeted to alternating stress will clarify
the more complex relatlionship when these are considered in
parallel and in series in networks.

The altarng%iag ecurrent, and likewise the voltage re-
sponsible for it, used to supply the network is sinuseoidal in
echaracter and hence is a simple harmonle function of time.

It also flows in a certain sense in the network, Because of



these properties the voltage and the eurrent may be represent-
ed by vectors.

Now consider the case of a condenser that has an
instantaneous charge of q, and a capaecltance of C, then the
voltage |

8 wi%« (1)

Differentiating, 73 &”3%' -%1 (2)
which in vestor notation (7) is,

The impedence operator

z =~ 4 ~ (4)

The impedance

Z=3 (5)
The phase angle I
§ = tan (-oo) = - I (8)

Therefore in a pure condenser the current s sald to
lead the impressed voltage by %g; a guarter period; or in
other words the current reaches a meximum a quarter period
(90°) before the voltage.

Iin the case of a perfect resistance the maximnm eurrent
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flow is attained at the instant of maximum voltage, abviously
then the voltage and eurrent are in phase, so that
zZ=R=2%, and § = 0 (7)
It follows then that in a combinatlion of these two

quantities, for example a parallel arrangement as shown,

that the current through the resistance 1s in phase with the
voltage while that through the eapacitance is out by 90°.
The net result is that the total eurrent through the system
does not lead on the voltage by %%, but differs by an angle
® known as the angle of loss or phase difference.

For this ecombination (w = 2Tx frequeney in c.p.s.)

(8)

3Amloﬁéﬁzg§§§§§;§m* , and (9)
g - ;tanf‘wg§gy | A (10)

This parallel eambiaatiaa is used in the KXohlrausch
method for balancing the impedance of the filled conductance

eell, The solution has an ohmi¢ resistance, (Jones and
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Bollinger (18) have shown Ohm's law to be valid for electro-
lytes; at least in the range of low pe%anﬁial gradientas
smplbyaﬁ in standard eanénaténce work) an& the agaaing of the
electrodes gives rise to a gaaﬁatrie capacitanee. However
it is certain that the capacitance reguired ia a network for
balaneing the reactance of the filled test cell 1s much
larger than that called for by the geometrie capacitance of
the test cell. This excess is gagsa& by polarization, whioh
has the properties of capaeitance since electrical senergy 1s
transformed 1ntakahamieal energy during one-half of the cyele
and reversed during the second half period. |

pifficulties are introduced when the belencing
resistance values becoms quite large (500,000 ohms) because
of the impossibillity of preoduecing wire wound resistors of
this order of magnitude that are reactance free, This diffioulty
may be overcome by using a series combination of capacitaice and
resistance to balanece the lmpedance of the filled test cell,

For the series combinsélon,

—iCHVWW—RS

a = 33"'&% : (11)
Z = g V1+ w'Gs"Rs - {18}

é = m‘t‘,aﬁ“z lfucgﬁﬁ (13}
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The series and parallel arrangements are simply related
and so far as the effect in the network is concerned are
eguivalent. In whichever arrang&&gnt used for determining the
aanstanta of the filled oell the resis@anearis chosen to
dissipate the same asmount of energy as the sell, and in com-
bination with the capacitance to give the same phase ,
relationship. Obviously, the effective impedances are squal,
50 |

Bg = Rp/(L + w*0p Ry ), and (1)
Rp = Rg{l + 1/ Cg Ry ) | (15)

An inspection of these equations will show that a very
large parallel reslstance, such askfauna‘in poorly condueting
substances, may be‘ﬁatarminaé in terms of a small series
resistance providing the eapacitance and the frequency are
aceurately known. , -

Fleming and Dyke (16) have econduected a research on the
power factor and conduetivity of dielestries in whieh &hey make
use of the series condenser methed for determining the egquiv~
alent paral;al resistance of the teaﬁvayseimﬂn. Their network
is a four condenser bridge in which condensers are used for
the ratlo arms, aend appears to be an applieation of the #ien
bridge. There are two diffieultles encountered in such a
bridge., The first of these is the capacitance~to-ground of the
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parts, and the second is the eguivalent series resistance
of the standard condenser. Unless this is small gompared
to the resistance placed in series with the balaneing
condenger, its effeet will not be negligible and must be
considered as a eorreetion factor. |
Because of these considerations it appeared best to
employ an equal-arm bridge héving resistors for ratlo arms,
in whieh capacltance~to-ground is csred for by sereening
and by the use of a Wagner earth, The circult of Figure 2
was employed in the earlier part of this imvaaﬁigaziaﬁ.
Ra,ﬁé = CgsCy 1s the Wagner earth unit; Ry,R; ere the ratio
arms; Cz; 1s the precision condenser; C, is the balaneing
condenser; Cx is the test eell. R;,R, #and Ry respestively
represent the ecuivalent series resistance of these con~-
densers, C, and C4 represent the aag&eitaaaa~zc~earth of
ﬁhﬁ shields of condensers Cz and C4, while R, and Rg represent
the resistance Tactor of these ilmpedances, Ry is the reslstor
which when placed in series either with Cp or (g, by shifting
gontact d from ¢ to f, will balsuce the in~phas& component
of the current through srma - ¢ or f - b, as the case may be,
This eirecuit employs thaAparallel 3ubstitutian.mathsd
for comparing the test cell Oy, Wi%i the preeision condenser
Cz+ This method is preferred above other methods for compar-

ing condensers because it is less lisble to error, sinee
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TO OSCILLATOR ’

-lulllm%m

F1G.2 CAPACITANCE BRIDGE




only one means is used in balanciag the bridge. However in
this method it 1s necessary to know the law of variation of
the resistanee with the easpacitance of the preeision con-
denser, slthough it 1s not necessary to know the actusl
phase angles at the various settings of thias &mx&aﬁs&r. Por
~ a detalled aeccount of the modified substitution method and
the derivation of the bridge equations see Fleld (17).

It was found that the espaclitance of eertain of our
cells, when empty and when filisﬁ with the standard dielsectrie
benzene (18), eould be cheecked over the entire range of the
precision condenser, but that the apyaraﬁt value of Hy varied
with the setting of this condenser. There was also an
abnormal shift of Ry with the frequency. We were at a loss
to understand this vesristion in Ry while Cx remained so
nearly constent. In an a%tampt‘te locate its csuse we sub~
stituted a General Radlo alr condenser for the test cell and
found that the variation still persisted. This could only
mean that there was a defect in the aétwank. We therefore
recalibrated our oseillator, rebullt our bridge and intro-
dueed interbridge transformers of astatic eonstruetion to
isolete the source and detector from the bridge proper,

Much to our dismay, the error remained. We then found that
Siskind (19), while using the same type of network, had

observed the same effect on Rx. He sntieipated the existance



of "siray cepacitence" error, and derived the bridge eguation
| assuming a capacitative shunt, R,C, or Rasa‘as the case

may be, aeross the added resistor Rz, This analysis ylelded
the astonishing result that the effeect of such a "stray
capacitance” is not aﬁm@a&a&t&ﬁ by the wWagner growmd. It

has a negligible effect upon the capacitance determination

of Cx, but enters as a serious eorreetion factor in the
evaluation of Hx. | ‘

Siskind (loe. eit.) has recommended a network for the
determination of power factor that makes the use of the
added resistor, Ry, unnecessary end therefore eliminates
the above mentioned souree of error. We have modifled our
network accordingly and the eireuit is shown in Flgure 3.
This network makes use of the persllel substitution method,
and of a Wagner ground. R; end Ry are the ratio arms and
are shunted by shielded condensers c; and Ca. Oz is the
precision condenser and Cq is a balanecing condenser. Cx is
the test eell, 4 is the amplifier, and H indlecates the
telephones. ‘Ti and T, are respectively the ahi&léad input
and output transformers. The wWagner ground is composed of
resistors Ry, Rg and Ry and condensers C, and Cg.

The bridge is operated by setting Cg at some canvan;ant
value, plaecing contact b on point p, contaet 5 on point £,

and adjusting the precision condensers O, end (z until
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balance isg secured. HNext the yagner-ground balanag is
secured by throwing switch S to contact e and adjusting
Ry and Cg. Switch S is then returned to point f, and the
final belence obtained by adjusting catané Cgs This method
is then repeated with contact h barely removed from point
p. This requires the development of a new technique,
and is the most important single operation of the procedure.
Extreme care must be used to exactly duplicate the removal
of h from p, otherwise observational errors will be intro-
duced. The capacitance of Cy, snd the power ratio 7y
{(ratio of equivalent ssries resistance to reactence) are
found by the equations,
' .
Cx % G5 = C3 | (18)
Yx % wlC}/Cx1(Rg(Cy = Cg) = By(Cy = €)1 (17)

The primes denote the capacitence obtained when con-
tact h is barely removed from point p., If Ry and R, are of
equal value (which is true in our network), then the

equations reduce to,
Cy & ACs (18)

- M= 2wy (A0, - Acz}'(ﬂ;/cxl ‘ (19)
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In case the powar ratlo, Yy, is low then equation

19 gives the power factor direetly, atherﬁisa,
-1
{power factor)y = sin tan Nx» {20)

The equivalent series resitance, RB,, of the test condenser
is givan by, ’
Ry = Y{xf“’@;; ' | . {21)

and Ry 1s transformed into equivalent parsllel reslstance

by equation 15,
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IV. THE CELL CONSTANT

The cell constant, kg, of a cell whose eleectrode
separation 1s 4, end whose uniform ercss seetion is A is

expressed by the equation,

ke = 2 o (22)

This relationship, although guaszzpneé by Parker (20)
has bveen shéwa‘ab be wvalid by Jsﬁeshial};fbwhs numerical
#alue of ke is x:suai.ly’ﬁ%emineﬁ by measuring the- conduetance
of a solution whose specific conductance is known, i.e..
various dilutions of potassium ghlariag, |

| The evalustion of a constant far.a eall‘gr large eross
section and of very small electrode seyaxgtiﬁn, such a8 those
uged for very poorly condueting salntiana,‘is a matter of
some diffieulty and quite often an impossibility by the con-
ventional methode begause of the phenomena {such as polarize-
tion, heat effectis, aba,) gne&uﬁt@reé during the measurement
of quite small resistances, even when the most dilute of
gstandard salt solutions is employed. It therefore became
obvious that a spesclal method must be establiahad for obtein-
ing the c¢ell constant for a eell whose &imansian would be

suitable for the measurement of the specifie condustanee of
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l1iquid hydrogen aulghié&.‘

Zquation 22, expressing the eell constant, is very

simply related to the equation for the electriecal ecapacitance

Com ©f a parallel plate condenser whose eross seetion is 4,
and whose plate separation is 4 and which is filled with a

medium of dielectrie constant K.

Since one miero-micro-farad is equivalent to 0.9
eentimeter, equation 23 in terms of miero-mlero-farads

bocones

S " TETE (24)

solving equation 34 far~% it isffaund that

a i & 1 "~
Letortr * T r (25)

In esse the measurement of capacitance is sarried out when
the cell is air filled (dielectric constant of air is 1)

equation &5 reduces to,

4 --.--Q!-«-..--,G 41 | 2
put & is the eell constant, so

x - & . 0.08841 (27)
LR S

e 4
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This derivation may be extended to the case of a
cell having two coaxial eylinders for eleetrodes.

lLet A = mean area of the two coaxiel eylinders

A=z xLx2T (28)
Where L = length of ecoaxial eylinders and T, = mean

‘radius
Pg = Ty
m  Ln¥z/T, (20}

in which r; is the radius of the larger cylinder snd ry is
the radius of the smaller, then

- aerirg - ri}
A = P
In 3/1'1

(30)

Substituting the value for A in equation 22, the cell
constant, k3, for two coaxial aylinders?ia

X (ry - z*) . LnTa/r,

() 2771‘;;‘ - Ty) 21L

Ln 2/ry

(31)

The electrieal capacitance of a condenser heving two
coaxial eylinders for elsectrocdes of length L, radiil r; and
ro, and filled with a dielectric of comnstant X 1s

3 L 2c
x 32
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' Wi '
solving equation 32 for ~§§;5~1 whieh is the value for the

cell constant k3, of a cell having two coaxial ecylinders for

eleatradea; it is found that

5

(33)

Equetion 33 1s found then to be ldentleal with
equation 26, and in case ﬁam sell is eir fiila&, equation 33
reduces to | |

Shi el s
ﬁﬁiah is identiecal with equation 26.

It would apﬁ&aé then that the constant for a eell of
any shape may be found in terms of 1ts eleotirleal ecapacitance.
'ﬂaw%ver; there are eértain limitatiaﬁs te this method whieh
muat be observed 1ln practice. Equation 34 holds when the |
éistanae between the cylinders is small compared to the radiué
of the electrode, and makes no attempt to correet for edge
effeet, 1;3. fringing, whiech in sa&ﬁ a case would bes small.

. In the cell designed for and used in this research,
the edge effect has been made a constant by the use af suit-~
able guard rings, end is independent of the aislectrie |
constant of the medium which tilla the ecell. Equation 34

holds rigorously under these conditions,
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measurements, and was bullt for us by a2 reputable commercial
firm. It consisted of three congentric platinum eylin&ers
held apart by small mica wedges, which were sealed into a
Pyrex glass container, The smtarmmst of these ecylinders was
connected to the low potential point in the bridge network
and the power faector and ﬂaﬁ&&itaﬁee_meaauremants were made
on a shielded network similar to the General Radio type 216
capacity bridge (7). |

The power faetor of thls absolutely dry and eleén csll
at 995 e.p;s, was 0,003, and vﬁri&é in an absurd and unpre-
dletable manner with thé frequeney. Upon the snggeatian of
~ Professor R, F. Fiala_ar The General Radlo Company, who
‘kindly furnished us with data on the power factors of mica
and Pyrex glass and with{tha following equatlion for computing
the theoretical power factor of our test cell, we made an
‘analysis of the gapaaitaaﬁe di stribution ;ﬁ the test aell,
It was found that at a Iraqggney ax 995 C.P+8. the capacitance
due to the free eleetrode area was 47.8 . .F, and that due
to the mica wedges ana.glagé supports wes 13.4 ..F, About
25 per cent of the total ¢ell capacitance was due to the
eleetrode spacers, and this in itself is of course entirely
unsatisfactory for precision work, |

Substituting these values and that for the power faetor

of miea in the equation,
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o T Ca * Cp

RwC = (35)

(in which RwC is the approximate power factor of the test
cell, £3wﬁ}a is the power faetor sf‘a pure air condenser and
is equal to zero, (Eﬁﬁ)ﬁ is the power factor of mica and is
0.0004, Ca 1s the eapaclitance of the free electrode space
in the éanéenaer,and,@ﬁ is capacitance due to mica. R is
the aquivalan§ a¢r§as}raéistanae, and w is eéﬁal to 877 x
frequency in a.p,a,) gave a tﬁearatiaal valua»et(e.ﬁeﬁﬁl for
the power faetor. Using the same equation and (0.006 for the
power fagtor of Pyrex glasas gave 0.0013 for the theoretical
value. The measursd powsr faotor was 0,003,

The power factor of an imperfect condenser is sin 6
and for small values is equal to tan 6. (06 is the lgsa angle
in the condensen) The equlvalent parallel resistance W of

the test ¢ell is given by {7},

tan 8 = —b- (36)

“Wcﬁ
and ln the case of the eell under comsideration héﬁ a value
of agpraximétely 1z 103 ohms. 3ince the specific resisitivity
of 1lisquid hydrogen sulphide was fa&nﬁ by Satwalaker (1oc.
eit.) to be of the order of 1 x 19 t ahms* it is obvious that
the equivalent resistance of the eell would enter as a serious

eorreetion faetor, In fact the energy loss in the eell would
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be approximately equal to that of the liquid being messured
since the cell constant was &pyraximaﬁe&y 1z lﬂ*g. If the
lésa in the eell hed been proportional to the frequeney,
it might have been considered strictly ohmiec in nature and a
suitable correction made. 4is 1t was, the cell was probably
showing absorption and a correetion for 1ts effect upon the
conduetanee would be éiffiaul% to make, and would undoubtedly
lead to erronecus results. The cell also showed a shift
of capacitance with the temperature and fraquaaay,;

an ideal cell would be ons that has & zero loss angle,
and a capacitance that would be as nearly constant as
~ theoretically possible, 3Such a c¢ell would have guard rings
to take care of the fringing effect at the electrode edges,
and would have no solid dlelectric supports between the high
andflaw’yetential electrodes. Field (22) has deseribed suech
a gell, and gifan‘a eonsideratlion of the ecapacitanee network
that it represents. Our test cell is essentially the same
as this, excepi that the electrode area has been modified
to inerease the “direct” capacitance and the container has
baen‘ehangaﬁ to meet our speaifie needs, The cell is shown
diagrammatiecally in Figure 4. We have found it satisfactory
in every respeet. It has a zero loss angl@ at low valtages,
and changes in its g&amatriaal capacitanece eannoi be‘agtseted

in the range of frecuencies between 995 and 3020 ¢.p.s. The
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electrodes snd lead wires are nickel metal, 4ll connesting
wires are spot-welded to the slectrodes. The high potential
electrode H has a length of 16 em., and an external dlameter
of 2.5 om. It iIs held rigidly in pisaa by shrinking onto
‘Pyrsx tube C. The low potentlal electrode ¥ has a length
of 10 em. and an internal diameter of 2.9 ez, It is firmly
amheﬁdeﬁ in Pyrex tube a, /@hﬁ guard rings‘a and n‘ are each
5 em. ln length and 2.9 em. internal dlameter. They are
 llkewise embedded in Pyrex tubs G. The space between the
gﬁax@ rings and the low potential electrode is 1.5 em. 4

" 18 the ecap of thé*déll to which the ?yrexyaugperts are
sealed and through which the leads aré;braught‘cub by ma&aa'
of tungsten wires. E 1s the container, made of Pyrex glass
and fits into the cap by means of the graun&‘ssal B. The
£illing tubes are likewise provided with ground connections
for econneeting the ogell witﬁ the generator. The overall
length of the eell is 30 em. and the external dlameter is
4.8 om. The llguld capacity of the cell is 200 c.c.

The impartaﬁt feature in the aéﬂstrueﬁian'ef'ﬁhe cell
is the absence of solid supports directly between the high
an&’lGW'al&etraéas. There 1s an indireet path between these
two electrodes through the Pyrex ﬁahse C and G. However it
is to be noted that the guard ring D is interposed here,
Sines this ring is maintained at earth potential it follows
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that thers 1s no "direct leakage®™ between the high an{i low
potential electrodes. -

The test cell has a "direct capacltance™ of 40.4, .7 .
The "dlireet capacitance” 1s that eapaanams’whieh is

measured between electrodes ¥ and H.



VI. THE SCREENAD AUDIO-FREQUENCY
CAPACITANCE BRIDGE

The theoretieal aspeets of this network have been
discussed elsewhere in this paper. The bridge proper is
self ganta&naﬁ within its shield and is conneeted to the
shiald&a,osaiiiaterlén& detector by means of duplex eables
in earthed shields. 4ll shields are earthed at a common
Junetion. As suggested by Figuxé &y page 20, all component
parts ere contained in individual compartments of an earthed
eopper alloy box., Wwhen individual shielding of lead wires
between compartments was not used, they were run through
one ineh holes and were rigid enough to be self-supporting.
_xnt&rhriﬁgﬂ transformers of astatie construetion contained
in individual copper shields were used in connecting the
bridge with the souree and detector. A4ll controls are at
earth potential and this reduees bodily capacitance effects
to a minimum, Extreme care was used in soldering all
electrical connections, and in the plaeing of the components
of the network. 3uch a deviee as herein deseribed 1s an
instrument of very high precision.

1. The Oseillstor. Dr. Theodore Shedlovsky of the
Roekefeller Institute for Medical Research very kindly
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furnished u# with constructional details of the i@@r@v&ﬁ
audlo~frequency oseillator that he iavusing. It is an
Eecles and Jordan airaait‘aéaptaé to audio-frequency by
Dr. N. Frank of the Massachusetts Institute of Technology.
It isksaié to have a very good wave form and a more aénstant
frequency than the one tube type., Both these features were
impgrtant to us because the solution for equivalent parallel
resigtanee in the power faetor equation contains a freguenecy
term. The frequency must therefore be known and constant,
After constructing our osecillator from the best partis
obtainable in the market, we eallbrated its frequencies
agalnst a General Radio Master Oselllator at Radlo station
#0I, end also examined its wave form on the ose¢lllagraph
at WOI. It proved to have a very nearly slnusoldal wave |
and the saaonﬁ harmonie present was barely audible with multl-
stage am@lifiaatian/after the capaeitanece kridga was balanced
for ghe fundamental. We have found this osecillator sultable
ia every respest and reaémﬁﬁnﬁ«it highly for low voltage
conductance work. The oselllatory is shown dlagrammatically
in Figure 5.
he

B The &stestqr was construeted in

)etector.

this laboratory from standard parts. It consists of & two-
stage amplifier and Western Eleetrie high.imgaa&nea
telephones, The first stage is tranafarmsr‘aaaplgﬁ and the

second is resistence ooupled. The volume control, C,, on
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the secondary of the input trensformer is of distinet
advantage éuriﬁg the yrelimiuary‘baléncing of the bridge.
The eireuit is shown in Figure 6. Wwe do not know that
this eircuit is published elsewhere, and elaim no origin-
ality for it. It is bullt along general prineiples for
amplifiers, and has proven quite satisfsctory. Jones and
Bollinger (23) have published an account of an improvement
in their detector; we ﬁave not found it necessary tavsﬁka
eny such changes in our instrument. an A.C. operated
detector was considered, but the idea was given up becuase
of the difficulty thatkw@alﬁ be found in detecting the laét
fading note of the fundamental dus to the sixty eyele
hum in sueh Instruments. 'v

The meanling of the notations in Figure 6 is given
below: - | |

Ty -~ Step~up transformer (ratio 1:3)

¢; -= Volume control

1H -- Choke eoil (1 Heanry) -

H o= Eaaa'phcnﬁa

UX230 and UX838 <« Vacuum tubes

F  -- Hiero-fared

XV - Ohm

Vv == Volt
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3. Interbridge Transformers. A good discussion of

‘tha'theary and use of shielded transformers for impedance

| bridges is found in the Generel HAadio Exyarimantér'(ﬁ&).

The input and output transformers usad to eonneet the source
and detector with the bridg@ are standard parts from the
General Radio type 216 capacity bridge. They are of astatic
construction and tend to isolate these instrusents from the
bridge, as well as to mateh impedsnces between these parts.
The importance of their use is now generslly recognized.

4, The ﬁaggar~§xunad.giﬁgai£* This eircuit consists

of two (R, 8nd Rg) Ayrton-Perry coils (Gemeral Rsdio) of
5000 ohms each conneeted by a 10 ohm rheostat, and of two
(Cy and Og) 500..F air condensers. 3Zarth connections are
made as indieated in Figure 3, page 20.

5. Retio Arms. The ratio arms (a; and Ry) are each
5000 ohm coils wound on a flat bakelite eard. This unit
is a standard part from the General Radlo type 216 oapacity
bridge, and is mounted symmetrieally within its shielded
compartment by means of e pin that passes through 1ts ecenter
to the walls of the shield. v ;

6. The Balaneing Condensers. Condensers E; and Cg

are the phase adjusters and shunt coils R, and Ry, They
are eonunected gitﬁ their shielded sides to the miﬁyeint of
‘the ratio arms., €, is a type 246L Gaﬁaral Radlo ealibrated
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condenser and G, is a Leeds and Northrup type 1188 air
condenser, Number 120146, that is calibrated within I L..¥
and may be read to Uilldiviaisa.

sanﬁanaersvcs and C, are both G&nﬁ?a} Radio instru-
ments., C, 1s a type 5398 condenser and is calibrated. ¢j
~is the type 2221 precision condenser and was calibrated by
the makers't@ within 3cw¥'absal&té capacitance. It was
reealibrate&,iﬁ thie leboratory in terms of a‘ﬁmall air

condenser so0 that a capaslitance éiffaranea'eauld be abtaiﬂgd

to an aceuracy of C.2««F or 0.1 per cent, whichever ls the
larger (24). This acouracy is brought about by the faet that

this condenser can be read to 1 part in 35,&&6.



VII. THE ELECTRICAL CONSTANTS FCR
LIQUID HYDROGEN SULPHIDE

The test sell, E~4, afteX being thoroughly cleaned and
dried was filled with‘gura ligquid hydrogen sulphide by the |
- previously described method. Everﬁ precgaution was observed
to insure the anhydrous state of the liguid. The filled cell
was then transferred to the network and the following
cbaarvatiaa& made by the proegedure ocutlined for Siskind's
capacitanee network. The primes 1&&1@&%& the balance when
the test cell ia‘ramQVQé from the giranit,‘ The condensers
s§.anﬁ C, were set at a convenient value and were not varled
at any time during the determinations, These capacltiances do

not enter Inte the caleulations,
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SAMPLE I
Fre{;uaﬁey ‘O‘t!&t&"ﬁQ“",‘Iiaﬁl&',‘»!‘w‘*i*'i#iiﬁﬁge{}a eﬂ?‘s‘

Condenser Reading Capseitance

{secF)

Cs | 1000.5 574.2
cs - 1611.5 938.0
Cq 93,0 1096.2
Ca | 21,0 288,2
s f 1000,0 | 574,0
o 1611,0 | 9377
Ca | - 100.0 1166.0
a; | 27,5 ' - 359,0
¢s 1000.5 574.2
o5 1611.5 938.0
Ce N éa;g 1096.0

4

Cs 21.0 288.2



SAMPLE II

?r&qﬁﬂney IR R R R Y RN R TR N 2@0@ nDPG'O

gondenser Reading Capagitenae

| | . | LorF)
C3 | 1100.0 | 634.0
Cs 1702.0 1100040
Cp | 95.0 1119.0
Cs 79.0 | 931.0
Cy 1100.0 | 63440
¢ | 1702.0 100040
Cy 50,0 60840
ﬁ; : B8.0 419,0
Cs 1100,0 634.0
Cs 1702.0  1000.0
Ca 95.0 1119.0

Ce 179.0 | 931.0



Hepeated tests conducted on the alr filled test sell
for the evaluation of its "dirset c¢apaecitance” and power

factor gave the followlng result:

Frequeney scsssccssessercsnes 998 and 3000 c¢.pes.

Condenser Reading
Cs . 1200.0
¢5 1261.8
Ce | 49.0
Cs |  49.0
Oy ‘ 1000.0
Cs | 1067.7
Cs | 75.0
¢a 75.0

ACy = 67,75 divisions = 40.4,~«F

AGy = 0

- The'direet capacitance” of the test cell is ﬁhararars
40.4,~-F and 1ts power ratio t«x} is zerc since C, remained
constant. The cell therefore exerts no shunting effect upon
the liguid being measured.

Substituting the e¢ell capacitance in eguation 34,
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page 26, gives the cell constant for E-4,

= 2,185 x 107 (37)

?he precision of this measurement is 0.8 ««F; this -
varisnce would give cell constent values from 0.002193 %o ﬁ‘éﬁalaﬁ.
0.002188 was taken as the eell constant.

The data secured on 3Zample I by the improved bridge
method for caloula ting the dlelectric constant and the specifiec
~eonductanee of pure liquid hydrogen sulphide ara:sumﬁérizea
below. | |

.’
=AGg = Gy = Cp

Cx = Cell capacitance when H,S filled
‘ ‘GX‘% Cell ecapacitance when alr filled
3000 ¢.Dp.8. = The fregueney
~78.5°C. = The temperature
Bi = 5000 v»
- AGg = 808 “F
Gy = 938A~F
G, = 363.8/~F
Cy = 40.4g - nF

Substituting the value Qf?(; fraa\egnatiaﬁ 19, psge
21, into equation 21, page ﬁa,‘gives for the equivalent sarias

resistance of the test specimen,



(38)

Since condenser Cy was not varied ¢y 1s ecusl to zero, and

equation 38 becomes,

(39)

Simplifying eq&atiéﬂ 15, page lﬁ,y(saa Hague (7)
page 136} letting By = Rg ané‘ﬁé = Cgy 1t is found that the
equivalent parallel resistance of the sample is

‘939x31,
$ﬁbstitutiﬁg in ecuetion 40 the value of Ei from
equation 39 it is found that the CZ term drops out and the

reduced eguation for ag is

P wBRyCg(~ 0 Cy)
apylying equation 41 to the data for Sample I, it is
found that
_ | 1 s e
Ry = T50001L(2)(3.1416) (5000) 18[938 x 10 *2][808 x 10 ]

BP = antilog 6.87080
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The specific conductsnce 3 is given by

5 = ~§§—~» (42)
- Substituting in this enuation it is found that the

speeific eonductance of Sample I 1s

S s 2.188 .X 16
Antilog 6.87080

' ’ ot -l
The dlelectric constant of a materlal is found by the
ratio of the "filled" ta‘the "empty" eapacitance. ?That is,

) o
K=o | (43)
Applylng this enuation to the data on Sample I ylelds

363.80
~ 40.4, ~ 9'%

The diela&tr&c sonstant of Sampls I is therefore 9.0g.
The data secured on Sample II are summarized below, and
the aalgﬁﬁtisns'are carried out in the same manner by appli-

cation of eruations 41, 42, and 43,

Frequency = 2000 e.p.s.
Temperature = =-78.5°C.

ﬁx = H000V Vv
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-AGy = 188 -F

Cg = 1000.F
Gy = 366 -F

R = 'y et PRI T Sy re—
p  [(2)(3.1416)(2000)] (5000]}L1000 x 10~ 1{188 x 10~ ]

| R, = antilog 6.82850

The values_abtainsd’sﬁvpure liquid hydrogen sulphide by

~ the aid of 3iskind's netwa:& are

Sanmple Dielectric Constant Speeifiec Qonductance

1 | 9.0, 2.95 x 10 Johm” om’
- 1
2 9.0 5.3l x 107 ° " n

These values are in good egreement and are well within
tha‘limits of experimental error,

The average of the data secured by the use of cell £w3;
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less then 4 x 10~ ohm™ om.” | (4)
3.7 x 10~ " = " (6)
1x10”" e m (5)

For the dielsctrie constant
10.2 | (4)
8.4 _ (25)

Kemp snd Dennison {25) observed the dlelectriec aaaétant
at the meslting point (483.5°a‘) while our observation is made
at ~78.5°C., whieh perhaps accounts for the difference,
although Kemp and Dennison oanly clalm an aceuracy of ten per
cent. vaiaualy_thé value of Megri (4) is wiﬁély in error.

Frobably the best previous measurements on the specifie
conduetanee have been made by Wilkinson and aa»workeré {(5){(6) in
this lsboratory. Their reported values are somewhat leﬁs than
the present observation. This is to be expected in view of
the fact that they employed a direet eurrent galvanometer method
and énaanntar&é some polarization. Taking this into éceanat
the agreesment between the new and 613 data from this labora-
tory is good.

The eonstants for pure liguld hydrogen sulphide at
-78.56°C. are | | |

dielectric constant 9.0g

speeific conductance 3.1 x 10710 ahm“lcm.s
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VIII. SUMMARY

A method 1s deseribed for the production of chemically
pure licuid hydrogen sulphide.

The theories of the ssries and parsllel arrangements of

capacitance and resistence for conductance ﬁark are
diseussed, and it 1s experimentally shown that Siskind's
capacitance bridge ecan be applied to conduetance work.

4 new method for obtaining the "gell constant™ of a test
cell In terms of its electrical capscitance is deseribed,
and it is experimentally shown that this method 1is
preclse for eertaiﬁ types of eonductance cells.

A properly éasigne& test cell for the measurement of &i*

electric constant and elestrical conductence is desecribed,

~and it is experimentally shown that such a cell has no

influence on the conductance of the medlum.
4 coumpletely screened audio~frequeney bridge for the

measurement of conductance, dlelectric constant, and power

factor is deseribed.

The dielectric constant and the specifie conductance of
pure liquid hydrogenm sulphide are reported and compared

with the data obtained by ssarlier in?estigatars.



(1}

(2)

(3)

(4)

(5)

(6)

{7)
(8)
{9}
(10)
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