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ABSTRACTv
The'moying-ﬁoundary teéhniQue as establishéd’bj Miliosl waS'employed.
to determine the transference numberé.of ammqnium ﬁitrate solutions at
concenfrétions covering both the ailute and coﬁcéntrated regimes in
order to:rénder-more complete.its'set of transpért'prOperties.

Silver nitrate was the following solution¢in all instances.

* _ '
Present address: Cambridge, Massachusetts
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I. INTRODUCTION

The moving-boundary techniqﬁe has received censiderable_attention
since the initiel conceptidn.ofbit materializedviﬁ.the late 1800's. The v
‘cleésic:féview Paper by MaeInnes‘and Longsworth? in 1932 echoed the now
‘ widespfead;belief that this method is indeed superior to others. in
providingia reliable teoi with whieh to ihvestigate the fransference
,nuﬁber Behavior of ions in electrolytic seluﬁidneQ:'Since 1962, there
have been a flurry of theoretical and expefimental endeavore3_6 en
the subjeet;vhowever, no sweeping changes.have‘been suggested in either
the proeedure of boundary obserﬁation or the eﬁbsequent treatment of
_resulte; | |

Veryzrecentlj; a significant step toward refefmulating the existing.
method:wés taken by Milios,l with the result ﬁﬁetean:expression for the
transference-number'that 15 applicable aﬁ any ceneentration now.exists;
The usefulness of the expression depends, to seme_exﬁent, on the aegree
of accuracy present when the density of the feildwing solution is'assumed
to be linearly related to its concentration overkthe range.of iﬁtefest.
The fact that this-range can be experimentally minimized for such a
representation between the deneity end concentration to be Jjustified
promﬁtSIOne ﬁo believe that a theoretically valid and experimentally
accessibie techniqﬁe is at hand.

The éresent effort aescribes the applicetion of the Milios technieue

to the determination of the cation transference numbers of dilute and

concentrated ammonium nitrate solutions at 25°C, as a cohtribgtive part
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in an aqtiVe attempt7 to collect transport property data of electrolytes

to strengthen existing theoretical interpretations as well as suggest

‘new approaches.

The'bartidular‘expefimental set~-up designed yields not only accurate
data for ammonium nitrate, but also good numbersifdrsilver nitrate, the

following solution used.
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II. THEORETICAL BACKGR(SUND

IT.1. Basic‘Conéépts | |

Tﬁé‘hoving-boundary system andrthe cofrespénding nomenclature that
Miliosl:engiheqfed'is cioéély followed in all aépects of the present
work. ,Thé reader is referred to his thesisvfor the overall descriptions
of thevtwo4sal§ sySte@. | | | |

In érder for a cohesive argument to be présehted, however, the
necessgfy;backgrbund equations afe briefly réiferafedf

They are, the continuity equation in one-dimensional form,
dc, de, v, ' ' : © (1)
i ___ ii v :
* TTx -
a current density;flux expression,

i = F:E:Z.C.v. s N o (2)

a mathematical statehénﬁ of eléctroneutraliﬁy,'

and a transport equation in one-dimensional form,

a“i ZCiC. ‘ . . . .
vciﬁ_zRT -C 9. . (VJ'Vi) T B (1)

1713

When the motion of the ions is referred to that of the solvent, the

transférénce number (relative to the solvent velocity) is defined as

.



that fraction of the current carried by an ion:inia’solution of uniform

compdsitiéh, and that is, for a solution of two ions,

z,e, (v,-vo)

ft  - z, é (v -y e c‘TG vy ) s ' ‘(S)v".

Or’sin»térms of the-transport,properties 915’

~ 500 S . '
+ ez 0, - (6)



II.2. 1Analysis at the Boundary

At the two-salt boundary, an analysis that’ié_éimilarvto that of

g
Weber but that involves transport equation "(4) (applicable for dilute

‘ .as well ésjconanirated solutions) aiong with the.others mentioned

produces +he following exact relationships,

c

¥ 5 B S v
?l =173 o | ='-W[CO(VO vb)] R _ (1)
and
ty = T 2 le (verve )] e (8)
e 173 Colx = +o O 0 b'. ' , -
Heré,'vb represents the boundary velocity;_the subscript x = ~o

_neceSSitépés that the term it is attached to be evaluated in sdlution A
far abo&evfhe boundary- (see Fig. 1), and x = +€§ﬁndiéates that tréatmeﬁt
of its parent tefm must be done in solution B fafgbelow the boundary.'
_This.dérivation is effegtéd-by noting that}fhe system 1s in a steady
state inla coordinate frame which is moving witﬁ'the bbundary_velocity |

V, e

3 The reader is referred to Milios' thesis for the complete derivation

9

and to- the subsequent paper by'Milios and Newman ‘for further discussions.

II.3. The Kohlrausch Function
Equations (7) and (8), when manipulated‘cbfrectly, yield an expres-
sion for the Kohlrausch regulating function

03/cO x=m00

.
t2 03 CO|X=+®
about which much has been said in the literature. MacInnes and Longs;'

2 » v '
worth .in their review paper in 1932 presented the most detailed picture of



 x= - ®

"Salt solution A

- composed of
| ,_'ions. | 8!3 ,

2-salt
~ boundary

'Solt solution B

composed of
ions 2 &3

X = + ®

XBL679- 5222

'Fig. 1. The 2-salt boundary. (Reproduced from Milios' thesis for
illustrative purposes.)’ :
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this fﬁﬁétion. For_é vertical_chaﬁnel;as itiis‘;lmbst certain that the
concenﬁfétibn of the adjustea or regulated solﬁfibﬁ:immediately following
the leading solution at the boundary is different from the original
followingjéplutiong a cbncentration boundary isﬂnecessarily set up and
left behiﬁé{ag ghe two-sélt boundary progresseé_éléng the channel. At
this pqint; it isVinteresting to noté that-optical‘observétion of such
concentrétion boundaries was péssible as early as 194k, with the aid. of

a Schlieren scanning technique.lo

II.h.j Thé “Volume Coffeétioﬁ" Term ‘

- Iﬁibraer that the term o in Eéuatibn (h) ané’(B) can bé determinéd,
the éché@é_presented-in Fig. 1 must be enlarged'to include the'closéd |
electrodé‘chamber.‘:Héncé; the reader is.referred'tp Fig.'E., which depigts
this arréngeméﬁt wifh £hé.tWo-salt boundéry and gbncentratibn boundéry '
included.VFThis”is‘doné éo that volume variati§h§ §t the chosen electrode
‘can be followéd’and assessed.. |

The Milios apbroach involves letting thevelécpfode reaction be that
of anodic:metél diséolut{bn, with therboupdaries pibgfessing up the.
channel,'ahd‘then calculating for \Q)by means bf material balances qver
the regioh below a plane x fixed in the solvent, alldwances_being made
’fof the dissoiution of the anode, thé concentratidn Aepehdence of the L
'density of B, and the transferénée of ioné acrosé,the solvent piane.
| épecifically, the volume Vb'bqunded by the electrode and‘by ﬁhe

changes with time as

plane X moving with the solvent velocity VO’
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Solution A
2-salt
- boundary |

Solution B -

- Solvent |
MAAAAAAAAAAAAAAAAN X

~ plane

Concentration
AAAAAAAAAAAAAAAANAN
boundary

Electrode cho‘mb'er

Electrode
XBL679-5223

Fig. 2. The closed electrode. . (Reproduced from Milios' thesis: for
. illustrative purposes.) ' :



where A
I'
M
e.
and Dé‘

t

1]

I e ;
oA - TF 5 (9)
0 z+F pe -

fol)
ol &
H
2o
<\ |
[oN}
=
I
=

channel cross~sectional area

total‘current passing through channel .~

 (negative for an anode)

1

‘atomic.weight of the anode

density of the anode.

Hen@e.the two contributions to the volume rate are, respectively,

the displécement'of the solvent plane and the volume rate of dissolution

of the anode. As the solvent mass in VO remalns invariant, a material

balance Qn‘it produces the folloWing.equation,

a
at Jv_%¢

V=0 S - (10)
Q o : :

As for thé electrolyte, aAmaterial balance gives

A g L e, I | '
az!vo GW=oF-z2F . - an

+ +

Thé.tWo terms describe, réspectively, the transport of cations across

the solvent plane and the contribution of cations as a result of the

anodic dissolution process.

At this point,'an assumption is made to enhance the theoretical

and pfactical desirability of the transference number expression, namely,

that
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‘(12')

= +
Py = g * Ppey
below thé SOlvent plane at x. But an exact expression for pB is avail-
able, that is,
Pp = Mpep * Y5 Cop S - | (13)
Therefore,-
' c,
. = T+ = -+ — E
cop = % * ®peg ~ % " P ,B | (1)
+
and ap = QB/MO (15)
by - (g, (16)
Equatioh (10) then becomes
ay It f W+ 5 i f c,av=0 , _ (17)
v 1% v B .
) + o
or
o a I M ‘b S _ .
. B B I ‘ : .
VA + == — - — —— (£ -1) =0 (18)
aB 0] z+F p v+B z+F + _ , . v

with the introduction of Equations (9) and (11).

Therefore,

M. 31—3-] S (19)



o |

as'ion'é‘isvthe cation reacting at the anode.
Finally, an explicit expression for the transference number of ‘ion 1,

the leading ion, is obtained through Equations(7) and (8), with the

result that’

M b

‘. Z5C s : ' o
__ .33 . Fv e_ B
tl aB c X = =® [ Tt - Z0 <21)

0 2e »ZQVEaB

where V is the volume through which Lhe’boundary moves when current I is ‘
passed for time t. | | |

It is evident that the.validity of this equation hinges heavily
uporn ﬁhe dégree_of approximation of the density'assumption made.

Iﬁ is therefore imperétivé that this degfée of approximation be
» ascertained; The trend in the literature on the question Qf the‘représenﬁa-
tion of density - concentration relatiohshipsvsugéééts the follbwing, in

the manner first shown by Root,

3/2 + kuce . _ ) (22)

p=kl+k20+k3c

Equation (l3) points out that in general,

o. =Mc. +M ¢ ) o - (23)
S | i’i o o : : _

g



in Equafion (12) over a concentration range of ¢
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Theréfore; .'
ke ' 3/2 2
y = + + ; + )
e, e foi 8Cy hoi
(2k)
where f e = ki/Mo 3 £ = (kQ-Mi)/MO
g = k3/}\4,0 ; and b=k M (25)

rather than Eq. (12).

A,iéast—squares fit of Eq. (23) to yield accurate values of a and b

in the
final "0 Cinitial ° °7¢

region between the solvent plane at x and the élosed'anode yields the

following,

1 12 ., | | |
a=e - -é-gcl3/2[l+ %e +_—é’—o €. + 0(63)] - h§§(1+€4-]g€2) (26)
and y
, 1/2 | , .
b = f + —g- g, [1 + -][fe + 0(€2) + zhci(lf —é—e_)_ : (27)

)/

. . € = -
where O indicates the order of neglected termsIand‘ (cfinal cinitial’

O, s -
initial

it{één easiiy be shown that € need not 5é<k¢ermined very accurately_'
for a (and hence tl) to be satisfactorily evaluated.» The terms involving
g and h,_merely correction terms, are small compared with e and f, and
the apbroximation is well justified.

When one realizes that a_vertical channel arrangement

necessarily introduces a concentration boundary dictated by the Kohlrausch
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regulatinéufunction, one is forced to take into_ccnSideration this
_phenomenonvin'the specification of €, in additioh to that preSent as a
result of the anodic reaction. The latter effecf'has been estimated ‘ O

by treaﬁihguthe anode as a vertical electrode with”free convection, viz., -

|

. It 0.8 0.2
e =,lé62 ( . FiA VDE o (28)
| Z+'+ e € ' ) Co ' - o
.0.00932 1 \o.8 (L) 0.2 . (29)
‘N‘ ¢ Z+V+Ae ) B A B S S - 2

"Here, in the simplified expression,

I'=:£he current in mAmps.

Ae,z the effective electrode area in cme'
¢ = the concentration in moles/liter
'L'; the effective electrode height in cm.

and B_( g gﬂ) the coefflclent of expan51on in llters/mole

" This expressioh is based on values of lO-Sycmg/sec for D, the dif-
v ' : : . 2
fusion coefficient, 0.5 for t=-,the transference number, 10 2cm /sec for v,

3

e - v | 5 S v v
the kinematic viscosity, and 107 cm /sec for g, the gravitational accelera-
fion term.

Witﬁ'regard to ¢ the'contribution brought about by the concentration

2)

-
boundary s presence, it is desirable to render thls as small as experlmental—

"ly pOSS1ble although as stated earlier. the accuracy of a does not hinge ©
heav1ly upon the means by'whlch the €'s are estimated.
It is useful, then, to establish guidelines for the consideration

of these:two contributions to €.
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(i)'_When ghe initial concentration of théif@llowing solution is
less than that dictated.by_the Kohirausch funciioh,Aan undesirable situatidn
experiment-wise, one might add, c in Equationsv(éé)and (27) is to be taken
to Bé ﬁhis.initial vglue,@with € equal to either §l in the anode chémber

orhez aéroSs the concentration boundary, whichever is larger. The undesir-
ability;“evidehtly, ariseé (for the present céée=of'a risinglboundary'in
a vertical channel) as a result of an iﬁherent.gfavitatiénal effect on
the denser adJjusted solution_which finds itéelf above avless dense.
<initialiy~ﬁrepared solution.
(i1) dn the other hand, when the initially-preparéd solution is higher
in congentratidn than the adjusted oné,'ohé cén, with‘little error,
take'dvto be the'éoﬁcentration of the initiallyfprepafed solution (rather
than thé.iowesf COncentrétibn of solution B ﬁreéenﬁ) and € to be the
sum of theltwolcontributions, el aﬁd'ee;‘ | |

Tﬁe choice of a vertical anode arrahgement‘QVer that involving a
v horiZontél electrode fesuits from the.fact that an éppreciably sméllér
value for §l is produced. This is so because With'a vertical electrode .
there is -a tendency toward uniformity in concentration in the anode
chamber, whereas with a hofizontal electrodé 1ayefs of solution form
above i£ with very little mixing. The &alués for a andib are then more
acqurateiy known (as the correction terms are smaller) and of course one

is faced with a better value for the transference number.
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ITI. Experimental Description
III. 1. vOVerall Features
-AglO

The system, NHuNO , Wwas studiéd opticaily at 25°C with an

3 3
electrdbﬂoresis apparatus (model 238) produced by pbeiPerkin-Elher
.corporaﬁidn‘of Norwalk,Conheéticut., Silver nitféte was the following
solutiOnlin‘all.instancés.> Tﬂe ob?ectiveé are.pfimArily the tfansference
nﬁmbefs of.ammonium nitfate sdlutibns of varioﬁs conéentrations, and
secondafily, those of silver nitrate. The traﬁSference number expression
pointquuﬁlthe fact that the leading ion transferenée number is mbre

accuratély_determined, since the term c3/co . 1s accurately known,

whereds the term c3/colx _ ,omust be evaluated, in the present endeavor,
by Rayleigh interferometry techniquesf' The uncertainty in the concen-
tratidn term so determined reduces the accuracy of the transference

number value for thé following ion.

The Perkin-Elmer instrument has been described in gréat detail by

Chapmaanl' In particular, the Rayleigh*interferdmétry technique is well -

covered ih:his dissertation. it sufficés,.fhen;.ﬁb menﬁion just a few
of the feafures of the Schlieren scanning techhique, an thical.system
which is also a part of £his épparatus.

A séhematic.drawing on the operation of tﬁe Schlieren system 1is
depicted iﬁ Figure 3. | |

When the tungsten filameht lamp is selectéd for Schlieren
analysés?the entrance slit is shifted into position 2at the focal plane
of the lens L3.'A flat mirror is @ositioned in the optical path to
deflecf light_from the source onto the slit. Light emerging from the

slit is collimated by the lens and directed onto the flat mirror after

2
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TUNGSTEN

, MERCURY Laue
LAMP :
CONDENSOR LENS ILM
FLAT MIRROR FIELD LENS "E
( ALTERNATE-POSITIO} /Ennoh <

ENTRANCE SLIT
SCHLIEREN LENS

SAMPLE /mNDO\ N

CELL _ - g%"_,
l !/

CYLINDRICAL
LENS

CAMERA LENjJ

ANALYZING
SLIT :

j . -
a CELL MASK
I l :
INTERFERENCE
FLATu MIRROR . M‘ASK
" !
. \ . o~
MERCURY

$024

u2 e
]
[
-0
s
[
NAL
S01A - . TUNGSTEN LAMP L2 - FIELDLENS | MA) . INTERFERENCE MASK
$024 -' MERCURY ARC LAMP L3 - SCHLIEREN LENS (FOR RAYLEIGH FRINGES ONLY)
Ml - DIAGONAL KIRROR La . - CAMERALENS .7 MAZ _ CELL NASK
M1A — " DIAGUNAL MIRROR (USED WITH S01 ONLY} LSA - CYLINDRICAL LENS . GG - GROUND GLASS VIEWING SCREEN
M2 - FLAT MIRROR IN TANK . $) - SCHLIEREN ENTRANCE SUIT L
MIA - - DIAGONAL MIRROR (USED WITH VIEWING SCREEN ONLY) S1A - WULTIPLE POINT SOURCE ENTRANCE SLIT SHUTTER - SHUTTER FOR FILM HOLDER OR CAMERA BACK
MA - FOCUSING MIRROR FOR VIEWING SCREEN IMAGE (FOR RAYLEIGH FRINGES ONLY) : . .
MSA - HORIZONTAL MIRROR (USED WITH VIEWING SCREEN ONLY) S2A - ANALYZER DIAPHRAGM (DIAGONAL SLIT FP _ ' FILM PLANE
LT - CONDENSOR LENS 180° PHA SE PLATE OR OPEN DIAPHRAGM) € - TISELIWS CELL

NOTE COMPONENTS BEARING THE SUFFIX A,
E. G. M1A, CAN 3E MOVED IN AND OUT
OF THE QPTICAL SYSTEM WITH FRONT
PANEL CONTROLS.

Fig.' 3. Layout of optical system.
’ Model 238 Manual. )

XBL 703-467

(Reproduced from Perkin Elmer
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|
passingAthfough a Tiselius}2 cell. A éollimated Eéém is feflected from
: : o ‘ o
M2 throughvthe cell and fefocusea by the lens to fdrm an image of the'
soﬁrce slit'oh the upper'end of the analyzef diépprégm. The location
of thé'élit imagé is the position of the ﬁndeViated rays which have not
been défiécted by gradients withih the cell. Mirréf M2 has adjustments
in both the vertical‘and horizontal planes so thaf.ﬁhé imagé of the |
ehtranéeISlit can be accurately positioned across the énalyzing or
"diagonalh slit. fhis sli@ normallyrset'at éfﬁSf “angle, can be manuélly
turneditoialter'the angle'of inclination to compensate for_excessively,v
high 6r_ldw concehtrations., The ahalyzing slit iﬁtersects the image of
thevéntrahCe slit at an aﬁglé. Any.portién ofvﬁhé:collimatéd beam
which_is diverted‘by'a boundary in the Tiseliué celi will producé_
additiéhai imageé.of the entrance slit somewhefélbélow the undeviated
bdsition. 'VertiCai dispiagemént of fhe deviatea'imagéé reéultsvin a
correéponding horizéntal displacement of the intersectioﬁ of the image
and the~analyzing élit,.because of the angle of'the slit.
The camefa lens, Lh,'directly behind the énélyzingAslit, images
the cell in the film plane. When a boundary iﬁ-the cell diverts a portibn
of thé ¢Oliimated beam,the deflection caused by the analyzing slit is
" ma.gnifi_ed _inv‘the horizonté.l direction by the cyiindrical.lens, L5a, and
the éqrresponding portion of the cell is displaéed on one side.
'Thévphange iﬁ refractive index is not abruﬁt but varies throughout
the bduhdary layers. The resulting pattern on the fiim takes théiform of

~a curve which represents the rate of change in refractive index with

respect to a change in cell héight across the boundary.
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The Tiselius cell and chambers with the corresponding electrodes
are pictured in Figs. 4, 5, and 6 for convenience.

The standard chamber bottle supplied by Perkin-Elmer was modified
to hold a grooved flange. The silver anode was cemented [0 a similarly-
grooved glass-top, through a length of tubing attached to the bottom
of the piece, with Silastic 892-RIV adhesive sealant purciased from
Dow-Corning Corp., Midland, Michigan. The exterior of the chamber-top
carries a vertical side-arm with a built-in stopcock. High vacuum
silicone lubricant from Dow-Corning was used on the stopcock.

The experimental procedures are similar to those used by Milios.
The pertinent features as described in his thesis apply also to the present
work. It is the intention, however, to give a detailed description;
consequently elaborations on the techniques employed in the several stages
will be made.

For the present system, the transference number expression takes

the following form.

(o M b
= _i _F_‘V+ _8. + __E.
By =0y T t P (30)
olxX = - e B

where subscript 1 refers to the ammonium ion
3 refers to the nitrate ion
O refers to the solvent, water
B refers to the silver nitrate following solution
e refers to the silver anode
and X = -oindicates that the term so categorized must be
evaluated in the ammonium nitrate solution rather than in the silver

nitrate solution.
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XBB 679-5169

Fig. 4, Tiselius cell in holder. (Reproduced from Milios' thesis
for illustrative purposes. )



Blw

XBB 679-5170

Fig. 5. Blowup of Tiselius cell. (Reproduced from Milios' thesis for
illustrative purposes. )
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XBB 679-5168

Fig. 6. Close-up of Tiselius cell without electrode
chambers. (Reproduced from Milios' thesis for
illustrative purposes. )
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The'v‘alu‘es Me = 107.88_0 gm/gm mole
Pe = 10.k492 gm/cm3
and F = 96,493 coul/gm equivalent

are used.

iII.» 2. ‘¢élculation of c3/co|X .

A‘gizeable aﬁouﬁt of feaggnt-grade ammoniﬁm nitrate bought from
Merck & Cos, Inc., Rahway, N. J.,was stored in_é vécuum oven purchased
from the érecision Scientific Co., Chicago, Iilinois(sérial no. 19-G-12).
It was ésfimated that the mean tempefature over the solid waé 90°C. A
value,fgr‘the concentration was chosen, wi£h thé,weight of distilled
watervusuéll&vput at 1000 gm,rvand én approximéte weight of the éalt
vwas céicuiated. The éppropriate glaséﬁare, meaﬂﬁﬁiie, was being dried
"in another oven hanufactured by the Nationai:Appliance Co., Portland,
Ofegon,ét?70480°clafter having been soaked in wéf@ (50-60°C) chromic
acidcleaniﬁg sblutian (pfepared in‘bulk) éﬁd rinsed thoroughly with
distilled water. |

To pfepare the solution, both ovens were cooled to room temperature.
The vaéuum.oyen was brought to room pressure byiﬁleeding air into it
through.éVtube:containing Drierite (CaSOu). ‘The salt and the weighing
bottlé(s).were then quickly transferred to a deéiccatér and taken to a
Mettlerfbélance. A slightly larger amount of salt (than that calculated)
was wéightéd into the bottle(s). The bottle(s) and contents were returned
. ﬁo the Vacuum-oven in the same desiccator and heated at 90°C under

vacuum overnight (sometimes longer). The bottle(s) and contents were

then transferred by the same means to the balances and weighed. After
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_transfer;ing the salt to a 1000 ml'flat-bottomgd.flask (which had been -
cleaneq, a;ied and well‘stoppered) and stopperipg i£, the bottle and its
remaining cgntents were welghed agéin. _Carg;wé§ téken during the weighing
_to'notejthé-deviations from the zero.point_of tﬂé_Mettler balance -and to
correct fér theﬁ as much as poséible, The'difference in the weighings
gave tﬁé;wéightvof dry salt in the flask. Weigﬁed portioﬁs of distilled'
water wéré subseqﬁéﬁtly added to the salt in'thé fiaék. Thus the concen-

trations of the leading solution was shown, that is,.

°3 _ weight of salt = M.W. of water. (31)
.C

‘ol - _w MW. of salt ~ wt. of water

The 1iteraturel3 equation for the'density‘of NHMNO3 at 25°C,

o = 0.997T077 + 0.032628 ¢ - 9.63 x 1d'u c3/2 - L.73 x 10'5c2

L=]gm/ml (32)
and the exact equation
o= (Mo +‘Mé) gm/ml - | - (33)
1000 oo ,

togethér yield the two separate concentrations and subsequéntly the
density*df the solution present.

Table 1 lists the pertinent data.
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Table 1. NHuNos solution data.
Run Wt. NH, NO. Wt. H.O c. /e
- We. NH,NO S 3| L
- gm. gm. : . mole llter mole/liter gm/ml

c p'
Agl,ge'_'89.uhlh 1017.7070 - 1.97799x10'2: 1.039406  52.5487  1.0299%2
»A31;32_ ';1,1279 1120.07h41 2.26637xio'u 030125355 55.3109 .0.99748 :
- Ab1,bk2 . 35.5139  867.8858 9.20966x10'3 _03u97u62 54.0152  1.012%
A51,52 f_ 6.5586  822.0403 1.79567x10_3, 02098909 ‘55.0820 1.00027

As-for the concentration of the followiﬁgfsolution, there were
several boints'involved about if
(5); Tts dens1ty should be hlgher than that of the 1ead1ng solutlon .
for‘a rlelng boundary to be reallzed
( )' At the same tlme, its dens1ty should ﬁot be so close to fhat
of the leadlng solution ‘that it flnds itself beneath its denser, adjusted
counterpart (as a result of the Kohlrausch regulatlng function).
(c)' Also, ites density should not be so diffefent from that of the
leadingseolution that the concentration bounderywseﬁ up between the
-adjﬁsted and the initial solution could not be;detected distinctly by
'the-Rayieigh_epties within a reasonable period‘of time.

(d) - Finally, its concentration should be such that the €. as a

2
result Qf'thevconcentration boundary between it and the adjusted concen-
tration is at a minimum.

A mild stroke of luck with the first set of solutions pointed out a

rough guide, namely,



c3lx= == _1op ' - R (3k)
initial ‘ '
that prbved_to'be‘a profitable investment.

Wiph.fhe above in mind; then, after the coﬁcehtration of the leading
solution bécame é&ident, én approximaﬁe value fgr the initiéi cohééntra—
tion of the following solution.wéé obtained.

Ag@ih; aﬁpéaling'to fhévliterature equaﬁi6h13 for the density of
silver nitfate at 25°C and the.exact expression.forviﬁ,

o _= 0_'.-§97071; + 0.141956¢ - o.0026o3¢3/2“; ——l-—(M c +Mc) ' (35)
: o ) - 1000 070 _
the ratib.cini£ial/%oiJX _ +m‘was obtained, leading therefore to a value:
for the weight of salt required.

Thevratio of the weight of salt to that éfzwaﬁer was zealously
adhéred,to.in the subéequenf preparation of the.following solution. In
general,jfhé précedures involved were similar_to>those mentioned earlier.

A vacuum oven was not used, however, as AgNO, is -not hygroscopic in

_ 3
nature.‘.The salt was generally weighed in by the difference technique,
and any_difference between it and the calculatéd,Weight was compensatéd for

by the weight of water subsequently added to the_conﬁainer.

The relevant data are quoted in Table 2.



A31,A32 .2.0786 992.0731  2.22189x10"
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Table 2. Concehtration and density data of the set of following solutions.

Run  Wt. AgNo3
ogm gm

we. Hy ®initial  Cinitial Coi|x=t® Pinitial
: . Rk =400 !

o initisi ¥ X , gm/m1
at x=+® mole/llter mole/llter

A21,A22 1TH.6TTL  OT6.6h43  1.89669x10°2  1.016982  53.6189 1.13877

uv 'o.oléé925, 55.3246  0.99882

AL1,Ak2  85fé681 1013.3095 8.9236Ox10_3  Q;h86695 5L.5402 1.06528

3

ASl,ASé ~ 13.4899  817.6337 - 1.T7h963x10° QL096562. 55.1808  1.01070°

ITI. 3. Determination of V

(a):fBase Volume Calibration. The Milids cell-cehter unfortﬁhately
sufferéd'an irreﬁarable mishaﬁ atvah early stage in the expériment.
ConseQuéhtly ﬁo atténfign was paid to his caliﬁration‘data. Instead,
anofhe£_9_mm_inﬁefference cell-center pre?iouslyvused by'Chapman in:his.
diffusidn'méasurementél%beéring hfs 2 reference lines on one optical face
bf theicéli piece) Qas employed. Six lines wefe écribed onto the same

face by the Precision Shop of the Lawrence Radiation Iaboratory, with one

of the Chapman lines as the baseline, and at a distance of 1 cm from one

“another. As the other Chapman line was not at a whole number of centimeters

away frpmgthe base line;_it found itself befween two newly scribed marks.
As a‘résult“there are eigﬁt iines on that face. The distances between
thosé:lines wére qarefully measured by the personnel‘inﬂthe Precision
Shop with a platfdrm microscope.v The measuremeh£5’were done albng the
channel 6n’the éptical fage, and within this small'space thfee sets of
distances were obtained, one on thg left of the space; one along the middle,_

and one on the right. ‘The data are listed in Table 3.



Table'3. Data on lengths between reference lines on one optical face of
.the Tiselius cell. : :

. Line numbers are as indicated.

. Length measured Data in inchés (7/9/69) Averégé‘ﬁ:'AVérage.in ";‘
top . channel - ' (left) (center) (right) 1in inches _centimeters .
flan‘geL & ' L : C R. .
S T 1-2 1 0.393%  0.3936  0.393%  0.3935  0.9995
s | 2-3 - 0.3918  0.3916 0.3919 0.3918 . 0.9952
6 3-L 0.3942 1o.39u2 0.3941 0.3942 1;0013
Z 45 ©0.393k  0.393%  0.393%  0.393% - 0.9992
_ | | .
3 - 5-6 0.3913 0.3917 0.3919 0.3916 0.9947 };
2 ©-6" 0.1034 0;1030 0.1026 - 0.1030 0.2616) | |
_ line 1 - | ' . 6T  0.39%1  0.3936  0.3935 0.3937 . 1.0000 -
flange : - IC : : e S D 3 L o e
’ Overall length 1-T 2.3582 2.3581 2.3582 - 2.3582  5.9808°
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As?it'Was Milios' experience that the cross-sectional area of his
cell-center was not uniform (i.e., not exaétly 9.mm-X 2 mm.aé reported
by Perkin-Elmer), it was decided that a mercuryvcélibration done on the

Chapman.céll-piece was necessary in order that a more complete documenta-.

 tion of the piece's cross-sectional area along its length would be avail-

able for subsequent analysis. The calibration;waS3done for every centi-’

metefbdficéll-length;.the procedufe adoptéd is;éé follows,v

(i) the botﬁom.of,thé éell;center, i.e., t5é end with the Chapman
base-line:qlosest.to it, waévclosed off with a_piecé of groﬁnd-glass of
similar $hape and size to.a'éell-flange'(Apiezon N vééuum'grease made
by Britiéh Shell was the ééalant used).‘ Rubbef bands were .stretched
into sér&iéé around thé flange and ground;glas$ td ensuré a.tight seal.

(11) Clean mercuryA(Ballard's triple-distilled version,‘from
Quiéksiiﬁer Producté; Ihc;; saﬁ Ffancisco; Califbfnia)vwaé carefully
weighed.out énd transférred to the éhéhnei until.the.néwly-formed |
meniscus just reached (according to équinty eyeQballing) the first cell-
mark or the Chapman base-line. As the cell-center without the electrode’
chambefs and holder could be supported in the bath of the electrophoresis
apparafus by carefully sliding the top_flange over the narrow top of the.
flat mirror at the rear of_the.bath, this procedﬁre'ﬁas réadily pressed
into ser\}iée. ‘The water-level in the vath (held at 25°C') was adjusted
S0 thatEit.did not quite reach the top of the. flat mirror; otherwise, iﬁ

was discovered, the cell flange on top of the mirror would slip oVer the

film of water between it and the mirror, and the circulation in the bath

proper sodher or later would cause the whole contraption to fall into
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the wéfer:(én entirely undesirable situation).  It:was also noticed
that the.cell tended to slant down'toward the Watér,due.in large.part
to the difference in hérizontal orientation bétﬁeén its flange and the
mirror'tbp;

The ﬁercﬁry was %llowed to reaqh'thermai eQuilibrium. Mearwhile,
the'RaYiéigh optiéal éystem was activated in thé:abparatus,_and:the
orientéfiég of fhe flat mirrbf was slightly adjuéted so that a picture
taken ofithe celi4centef (with its lined face'adjadenf to the mirror)
would SHéwfall eight lines clearly. A picturé wés then téken of thé‘
cell in éfder'that é decision could be formulaﬁed és'to whether the
meniscﬁs %as at therposition desired, i.e., at éhé.first cell-mark. If
not (as was generally the case), the cell—centér_ﬁés removed, and more
(or leéé)'mercury_was weighed into it (or.outiof it). It was again
placedvinto the bath, and after equiliﬁrium wésvreached (during whicb.
time weighings.Were accomplished) another pictﬁré was taken. Tﬁis
procedure was repeated:(in geﬁeral; the second»or'ﬁhird.tfy would nét
‘the desiréd result ) until it was felt that the @eniscus was indeed at
the right.position immediately touching a reference mark. -Although
human errof in judgment was undoubtedly present, it was felt that the
co?siéféqcy in the placement of menisci nearvﬁhé marks woﬁld‘largély
cdmpensatevfor it. The prior and posterior weighté of the glass vessel
(not thexgell-centef) containing the mercury gavérthe weight of the
mercury inside the optical cell-piece. :

Thé sequencevwas repeated for the line immediately above the base-

line,'and another weight of mercury was obtained. This weight, when
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divideé Ey_the densify of_meréury'ét éSJCQ 13;5356 gm/cé. (from Perry's'-
Handbbolejvgavelthe volume .of Hg betﬁeen thé fﬁbx@énisci.' It was thenb
assumed @nét'the.shape of the menisci remainedithe-Same for béth pictures.
The disﬁgnée between'lines l; the base-line, and~é4 from the'Precision
Shop meésufements, was then‘uséd to compute thé_ayérage-cfoés—secéional
area betﬁeeh_these two~lines; S
| The same pfoéedure was pérfbrm@d for the othér paifingsf The
resﬁlts afé shown in Table k. | o |
Thé;overall volﬁme‘between'lines 1 and T ié the product.bf‘the
average:léﬁgth 5;9898 cm.and the average cross;seéﬁional area, 0.17967 cm2
_ 5 . . ‘ _

and is_it0762 em™.



Table 4. Base volume data (see sketch in Table 3 for positions of line numbers 1-7)1 is bottommost
line, 7 is topmost. T -

Distance between
reference lines,

cm (taken to be
height of mercury
column )(from Table 3)

0-9995 -
0.9952
1.0013
0.9992
0. 9947

1.0000

1-7

Weight of

mercury, gm

within
specified
length =~

n

1368
2.4211

efhuzo

BRAV]

L4317
Lotk

n

no.

4053

Density of‘ '
“mercury at.
- 25°C ‘gm/cm3

' 13.5336

13.5336
13.5336

13.5336 »

13.5336

13.5336 -

‘Volume of
© mercury,cm” .

within
specified
length

'0.18006
0.17890
o!18ouu

vo.17§68

O.17936“
0.17773

3

Average:

Ll-TX (average cross-sectional area of channel)

5.9898 (0.1797) cm

3

1.07619 cm3 or 1{0762 cm

3

Cross-sectional
area in channel,.” -
averaged over

- specified length.

of cell,

2
cm

0.18015

0.17976
0.18021

=gt -

0.17982

0.18032

(@]

L17773

217967, é_';, :7.
.OOlOO:cm S

I+ -
OO
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(b) Volume coveréd.by the moving bouhaéry

This section will be subdivided into the following parts.
(i) Celi_—filling .

(ii) Edﬁﬁdéry dbservatidh
.(iii) Volﬁme anaiyéi;

(Féf-é.description of thé optical cell ahd éé11-holder see'Chépman,ll
p. 116) | | | |

(i) The ceJ_i top supplied by Perkin—Elrne:r.'"\ws:-.s) modified to include
ball-jdinté at the tﬁo gide-arm ﬁbsitions and a pérmanently glued-in
céll-gépé»ﬁb block off the openings 0ppri£é the tﬁb side-arms éo that
sdlutiod_éould not leak from one‘chénnel to thelother{-The'epdxy giue used
was a 50:50 mixture#of "Epén” 820 and "VerSamidé" lhO‘supplied by the
Plastibs Shopv6f the Lawrence Radiatién‘Labdratdry;'

Thé'assembiy ofjéell»ﬁérts wés usﬁally»sdaked'for 2-3 minutes in
warm chromiévacid‘;olutidn, rinsed thoféughlyiﬁith distilled water, and
oven-afiéd.until a run was to be made. They wefeithen removed‘wifh Kim-
wipes:(Kimbefly-Clark Corp., Neenan, Wisconsin)vénd assembled with Apieédn,
N greasei(é Royal‘ Shell product supplied in the USA by‘Jameé G. Biddle
Co., Plymouth Meeting, Pa.). The procedﬁre was first to assemble the
center aﬁd bottom pieces. In general, a thin filﬁ of gfease was smeared .
onto a flange of one of the pieces and appliedvevEnly over the érea with
" a Puritah wboden applicator (Hardwood Products Co., Guilford,_Maine). )

Areas about a'millimeter or two wide éround the perimeters of the channel

|

!
|
t

openings were left bare to avoid getting excess grease into the channels.
The other cell piece was then attached to it, with mild pressure being

appliéd to the adjacent flanges. The pieces were rotated slightly in
o i L ' .

[

fy I . N .
0 L - "
i
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opposiﬁé directions.' They were also made to sliae ﬁpon each other uﬁtil
the w561é:érea between flanges became transparéhf;.'The cell-top was
éddedxdnﬁéfthis partial aséemblybin thé same manner. Any grease acciden-
tglly smeafed onto the e#terior of the sections.waS'removed by wiping the
contaminated area with koaak Lené Cleaning Papéf.(Easﬁman Kodak Co.,
Rdcheétg;,;N. Y.) . | o
| A.celi-holaer.éuppliéd by Perkin-Elmer heidrthe cell in place.

This pértiﬁular hoider hédvbéen previously modified by Chapman - (see his
thesis;l;vfor discussion and détails) in order thét the cell
could_be_ﬁeld in place ih a balanced manner tension-wise. The cell.is
helad by'ﬁéing clampéd from the outside flanges;‘that is, it rests on
the bottom one.while spring tension is applied on the top. Méchanical
linkageg,in the,célljholder aliow.boﬁh the top.and bottom sections to be
displacéd_frbmithe'centef by.méhipulétion of thé-two knobs at the top
;in the directions indiCafed; This aiiows the center sectibn, which is
stationary,‘to'be cldsed off af the ouier Sufféééé 6f its flanges by
vtﬁe oﬁposing flange'surfacés. |

‘Théiface of the cell on which the reference iines were scribed
was oriented in the holder suéh-that it was ciose to the flat mirror at
thé réaf.df the bath.

Td-fill.thé cell all channels were aligned by manipulating the tﬁo
top knobs appropriately. ‘A 10 cc glass-tipped syringe with a YQinch
18-gauge hypodermic needle (90% platinum, 10% ruthenium, éupplied by the
Hamilton Co., Inc., Whittier, California) was used to transfer AgNO3
solution from and to a small glass container (the 1000 cc flask was shaken

violently and repeatedly just before solution was transferred to 'the



parent volume of NHMNO
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containér);. With the cell tilted toward the side of the uhmarked ihénnel
for air t6:éScape,_the_needle hasvinsertéd cérefﬁiiy into the chanﬁel all
the way(toithé bottom, and solution was slowiy foféed from it untii the
space‘in the bottom FectiOn (thé U-shaped space) was full of it and a
short lehgth of SOlufibﬁ'was in'each'leg of the éeﬁter piece. The needle

was withdréwn,and the holder put back on its supports. Care was taken

whenvwithdrawing the needle to avoid lettingvit_pick up any grease from

'the_flange'joints and smearing it'onto‘the interior of the channel. The

bottom SPaée was examined for bubbles. If some were present in the

‘longitudinal direction of the channel,the needle was inserted to dis-

lodge them. If they were lodged somewhere in the center of the space,
the solution was withdrawn bompletely (with the holder again in a tilted

pbsition)ﬂénd the filling procedufe repeaﬁed again. The bottom section

‘was then displaced'from'the'aligned position by turning the knob control-

ling it in the appropriate direction.

The small amount of AgNO_ in the marked channel was removed with

3

the same'syringe assembly. The unmarked channel was then filled with

more AgNO solution until its entire length up to the sidearm outlets

3

“was filled (the same syringe needle was used). Another similar syringe

assembly'Was used to rinse .the marked channel with-NHhNO3 solution at

least five‘times, care being taken every time to avoid contaminating the

3

with the rinsing portion. The marked channel

"was then filled with ammonium nitrate solution up to the sidearm outlet.

The two channels were carefully examined for bubbles, and those present

were removed immediately.
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The cathode chamber (a modified_lserki_n-”Elm‘ér buffer bottle with a
higher tqp),with ammonium ﬁitrate solution up to‘iﬁgbsideafm was attached
with Apiezon grease to the ball-joint leading away_'frbm the sidearm on
the sidé;of the marked chanﬁel. The attachmentVQas_further tightened
and stréngfhenéd with a sméll'clamp. The syriﬁgé assembly for ammoniﬁm

. _ 5 ¥

nitraté_was:used to transfer more liquid Slowly tQ the chamber until the
, . . | .

~ channel inlﬁhe cell—tdp was filled compieteiy.' A lucite plug with a -
slightly ehlafged rubberlﬁand around ité lower~énd,'haVing beén smeared
all ovef with Apiezqn N gréase, was inserted into'tbe chénnel opening
‘(the.plug;jof a similaf sizé and shape to the chahﬁel-opening, was
manﬁfacﬁured by the Machine Shop of the Inorganié Matefials Reséarch
Division of the Radiation Laboratory), thus displacing the liquid .
originall& thefe to the_chamber éide.A The rectangular loop arouna the
blug ouﬁside the bpening_was loaded with é>£hick léyer of grease to
ndiSCOuiége leakaée tﬁefefrom. The céthode, a'small; squarish piecé of
stéinless éteel at one tip of a thin tungsten ;od'Vaguum—sealed in. a
uraniumvgléss.enVélopé,'having been rinsed Withiémhonium nitrate solutioﬁ
earlier;:was placed in the chamber. The'staiﬁless‘sﬁeel plate had been
wiped clean a littlé while earlier. | | o |

| Aé for.the énode side, the chamber with éilyef nitrate was attached =
to'théncell‘ana the asSembiy filled with solution in fhé same_.ma.nnerf
Beforg? thérchannel top was filled complétel&; howevef, due to the
particulaf arrangement of the anode in the chambér-tOP, the chamber-,,
top withrthe silver rod was attached to the chamber bottle. An appro-
priate "6" rubber ring, which fitted into Lhevgrdéve, served to.seal

tightlyvthe two factions together. Apiezon grease was used around the "O"
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ring ah6 along the grooves. With the stopcock opened to the atmosphere,

the silver nitrate needle assémbly was inserﬁed through the stopcock

'p0fe intO‘the chamber, and the channel top filledvcompletely; Another

lﬁciteAplug,bof similar structure o ?he one'méntioped earlier, was
insértéd with:the,aid‘of a génerpus dose of Apiézon'éréase. The anode
chambe?‘wés then filled with solﬁtion untilvthe;liquid level went past'
the upper;mouth of the pofelbpening in the stopcock and into the short
tubing facing the air. The stopcock wés-closed.

It_shpuid be kept in mind that the lucite plugs wefe inserted into
the Chqﬁnels in such a manner that no bubbleé were . trapped beneath them.‘

The whole system, after being treated to a final visual check for
bubbles;'was placed in.the.bath, guided by the two'posts in it. There
was an e&eh circulation of the bath Wa£er as a'fesult of the centrifugal
pump (an'integrélvpaft of ﬁhe.apparatus) being.in éctioﬂ. A Sargent
Thermonitof (manufacturea b& E. H. Sargent & Cb.,-Chicééo, Illinois)»
maintained.thé wafer temperature at'25°d.

With fhe cell assembiy in the bath, the'@ercury 1émp waé activated,
and the appropriate panel knobs on the elegtrophdrésis apparatus were .
adjusted until an‘image>of the cell-center was %isible on the viewing
screen., As'bubbles frequently lodged themselveg beneath the flanges
betﬁeen fhe top and center sections of the_cel1 when fhe whole éséembly
was i@mersed into the water, they revealed themselves very vividly as
dark dots against'the green background on the screen. They were readily
removed by 1iftingbthe holder by its handle up past the area with bubbles

from the water and then re-immersing it repeatedly until the dark dots

disappeared. The assembly was then slid toward the flat mirror and
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into pdsition. Thefmal equilibrium was assuméd:toibe reaéhed when thirty
minuteéfbr_more had elapsed.
On several occasions, it was discovered that the liquid level in

“the anode chamber sanﬁ a little whilé the wholévéséembly was striving

_ . R
toward_temperature equilibrium. Apparently, air spaces had not been
compléteiy;replaced by solutioh'during filling précedureé around and

. ' 1
inside the short length of glass-casing that served to hold the silver
rod in place at the chamber-top. ‘This situation ﬁas readily corrected

by inserting more AgNO solution into the chambef.with the same silver

3
nitrate néédle assembly. _(Efférts were‘made.after'thése particular
runs with £he phenomenon Jjust mentioned to imbro#e onrthe sealing in -
and afouﬁd'thevcasingvto minimize the possibility“bf aif—spaces.) The
silvervanode was rinsed with the silver nitrafé sblution used during the
run beféfe it- was inse_rtéd into the chamber bottle. The ball-joint at
'the‘sidea?m on Lhe foilowing solution side, aﬂd.ﬁhe joint between the
anode.chamber'top and the chamber proper, were gécurely tightened with
.probef-sizéd clamps.

(ii) With the electrical arrangement at the ready, leakage tests
were performed (see Section III.5 for details) between (a) the cathode
and thésanode,‘(b) the cathode and a bath electrodé situated at one
corner of the bath awvay from the flat mirror, and (c) the anode and the
'bath.eiéctrode. The resulting currents were deeﬁed negligible if they.
were inrthe order of l’microAmperevor less. Test'(a) in all the rﬁns
- produced satisfactory results, while the other.tWo sometimes indicated

that minor leakages were present. As far as the anode was'concerned,

these leakages were easily corrected for by re-sealing the appropriate
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contact areas around the'rod at the chamber-top, and in and arouﬁd'the
glass-tube casing enveloping the rod immediately below the'chamber-top,

with thé Dow-Corning adhesive ‘sealant. As-for_thé“cathode leakages, it

N
!

was fdund.that avreplaéement of chamber>bottles;héd'to be administered
in order to'bring absut a lessening of them to hégligibie levels.

‘ With £he electrical system again at the,réady; the bottom section
of thevoptical cell was aligned} after all thfeé'Successful pasées
leakage-ﬁise had been achieved. The two-salt boﬁndary that was imme-

diately formed was allowed to stabilize for fivé_to_ten minutes. With

.the sétvcurrent on,'the boundary movement was traced with the Rayleigh

optics available; the green mercﬁry light offeredva'clear image 6f the
boundétY on the viewing screen;'vThe.combination Séhlieren derivative
éurVEARa&léigh frihges arrangement offéfed an excellent tracing mechanism,
in the ‘sense that.the sharﬁlfringes'énd,the dark Schlieren lateral peak.
against the gréen background wefe very &iéiblé_oﬁ the screen. The angle:
of the aﬁalyzer.diaphragm wés mdnitdred ih ordér'ihat the clearest
boundary outline (i.e., the derivative curve or péak) was avaiiable for
photography. |

Whéh £he‘boundary‘reached a space between two.reference lines, the
mercufy iaﬁp_was de—activatéd and the tungstenjsoufce_switched oﬁ. (This
between-lines arrangement was preferred to that Vith the boundary astrid-
ing one_line, i.e., with the boundary being diséecfed about equally by

the line, for the sake of the microphotometer analysis of the negatives

" later on.) With the optics set for picture-taking as directed by the

apparatus manual, the shutter provided was opened, the timerysystem set,

and the shutter was then closed. It was judged that about equal times
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‘ elapsed,bétween the oPening.of thé shutter and'the_timer action, and
betweehlthe latter and the closiﬁg. The exposurejfime; in the order of
two to four seconds, introduced some uncertéintyoin;the fihé.?ariablev
as it could not in reality‘be reproduced. An MP?3:fype Industrial View .
Land-Céﬁora.back;.projection film Type hoL;(800.§peed transparencyifilm,

3 l/h"fx hﬁ),’and Dippit Solution #6L46, supplied.by the Polaroid Corp.,
Cambridéé; Maésaohusetts, togetﬁer constituFed.fhe exterior photography
arrangémehf.' | | |

'Tﬂé3eiposed negative was‘ailowed tovdevelop fof at léast_three
minutés inSide the cameravback. It was then subjected to Vigorous
contaCt through shakingvupfight with the Dippit soiution for twenty
secdndé;_after which iﬁ was air-dried. The approbriate film number
and othéroidentificafioh.nﬁmbers were faped onto.it. When it struck
ﬁhié expérimenter's fancy,'negatives were'alsoitéken of the combination
curve-fringe phenoménon, as its visual qualitY-wéé felt to be quite
vsatisfyiné aé well.as eduéafional. They'weré ﬁo£ oéed;.however,vin the
lafer micfophotoﬁetér aﬁélysis. |

Thé boundéry motion was usﬁally»captured'On film at five or more
'locationo in order that sufficient data could be generated for a complete
monitofing of the boundary velocity to be réalized{ This‘ercautionary
step wés taken to provide for a reliable criterion, which Qas later used
in the'company of others to ascertain the quaiity of the run just
cOmpleted.

(iii) The set of Schlieren pictures was anaiyzed with a Jarrell-
Ash Microphotometer located in the Technical fhofography section of the

Inorganig Materials Research Division. The analysis was composed of the
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following steps. The transparency was placednon_the travelling stage
‘of the inetrument vith a piece.of optical-quality glass plate on .top
of itpto‘nold it flat. The stage was manually‘rotated until the ref-
erence“lines bordering the bOundary peak were perpendicular to its
direction of longitudinal travel With the slit dlmen51ons set (the
photoelectrlc cell behlnd the slit supplies a S1gnal which is plotted
on a chart recorder) the transparency was glven a’ qulck scannlng at a
prev1ously dec1ded locat1on.(1.e., a llne whlch_would dissect the peak.
at a certain fraction of its height) in the reglon'with»the peak so
‘that the ‘sensitivity device. in the instrument could be set to yield
the desired low and high transmittances'withinia:relative scale of
C-lOC% on tne recording chart. The low settiné,of course, corresponded
to the reference lines;'and tne hignrcould usually be located in areas
immediately adjacentxto the curVe.as they were the brightest. With
everything.set, the automatic longitudinal motor-drive was-activated at
a set,‘constant velocity, and the»region with the peak was.scanned twice.
The intenSity peaks so recorded as a result of:the two reference lines
being'present allowed absolute distances to be measured. The boundary
was_recOrded as two smaller (as the derivative‘curve was not'as intense
as thé.reference lines) peaks close together, witn their center‘taken
as'its abeolute location. The two meaenremente.for each transparency
produced an averaged ratio of the distance between the boundary and
_the lineznearer to it and that between the two reference lines. The

' absolute-verslon of the former was obtained later by comparlng the
ratio witn the real distance measured by the Precision Shop (cf. Table

3). The other transparencies for the same run were similarly treated,



_Loo

with thé éame fraction ofvthe peak traversed bVer thé photoeiectric-cell
slit in e§éry case. The resﬁlﬁing locéfions of £he.boundary, aﬂd the |
corresﬁopdihg-timeeintervals between then, were‘uééd for the velocity
and volu@é Qélculations. | |

| .Table_S,‘listing velocity data‘for.fwovfuné;woffers an insight into
thé technigﬁe of monitoring runs. The method Wifh whiéh time—intervals
5etﬁeen negatives were recérded is diécuSsed ih the next sectiOﬁ..

The}results of the volume calculations are_presénted in Table 6.

It is apbafént from it that for every éxperimental ruh performed, at
least fwo sets of moving boundary data were:collegted, with the first
negati&é depicting the boUndary'hear the base féference liné ﬁékén as
the commoﬁ index for fhe oﬁher negativés obtainéd'near the end of the
run. fhis.arrangement was breferred»to that involvingvthe taking of
two or”hdre'diétinct sétSiqf négétives for exﬁediéncy's sake as far as
the‘tihe'heasuremenﬁ'schemé was concerned. Thei&olumes computed enter

‘accordingly (as V's) into the transference number equation, Eq. (30).
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Table 5. -An example of two runs being monitored.

Run Film:. Boundary Time recorded
# o location between films ‘traveled
o cm. sec S em
A21 1 £1B=0.0341 S
i T 1,7hk. b1 - 0.9854
2 £2B=0.0200 T
L 3 1,848.09 1.0466
3 £3B=0.0714 L o
o , : 2,056.12 -1.1602
y £4B=0.2303 _ _ AR '
n 1,420.00 - 0.8096
© 5 £5B=0. 0407 } -
28 . 847, Th 0.4831
6 B£6=0. L4709 _ Co
N . 828.87 04795
T £6B=0.0086 -
e . 1553.20 .. 0.320L
8. £6 'B=0.0585 . o
A22 1 B£2=0.3898 : o
S i © 3,103.19 0.8969
2 B£3=0.488L _ . 1
, . 4,4ho 17 . 1.2580
3 BLL=0.231k '
L ; 2,886.97 0.8322
L B£5=0.3984 ' ‘
: : ' ' 2,739.01 - 0.7848
5 . £5B=0.386L4 :
o 1,230.40 ‘0.3560
6 B£6=0.2523 E
1,237.82 0.3575
7 £6B=0.1052
"B£2" = distance between boundary and reference line 2.
"42B" = distance between reference line 2 and boundary

For order in which reference lines are numbered, see Table 3

- Distance

Velocity

cm/sec

0.000565
0.000566
0.00056L
0000570

0.000570

© 0.000579

0.000579

0.000289
07000283
0.000288
0.000287'
0.000289

0.000289
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Table 6. Volume covered by moving boundary.

Run VlfT" Film Boundgry -ANi Film BOundéry -ANE V:Vl:Y -
, location 3 i location ,

c‘m':3 1l,cm cm , 2, cm cm3 (AV1+AV2)
(from - (near bottom - (near 3
table 4)- . line) , top line) cm

A2l a 1.0762 1  £1B=0.0341 0.0061 6  BE6=0.4709 0.2643  0.8058

b 1.0762 1  £1B=0.0341 0.0061

7 263:070086 0.1781  0.8920
¢ 1.0762 = 1  £1B=0.0341 0.0061 8 .26!3;0;0585 0.1222  0.9479
AP2 a 1{0762 1 B£é=o.3898' 0.1095 6 Béééo{é523 0.2250 | o}7u1?
| b 1;0762 1  B#£2=0.3898 0.1095 7 £6B;071052 0.1608

. O

.8059

A3l a 1.0762 1 B2=0.4972 0.0902 L  £5B=0.2934 - 0.3057 0.6803

O

-T39%
.6565

b 1;0762 1 B42=0.4972 0.0902 5  B#6=0.3725  0.2466

@)

A32 a 1.0762 1 BA2=0.4239 0.103k 3  £58-0.2343  0.3163
b 1.0762 1 B#2=0.4239 0.103h 4 32650.3317 0.2393  0.7335
A4l a 1;6762 {1" B£2=o.&170' 0;1721 3 £53=O.13o6 0.3349  0.5692
b l.0762 1 522=Q.h17o 0.1721 b B6=0.4451  0.25%  0.64h5
Aue,_;'1;0762 1 - £2B=0.0623 'd.19o8 L 45B-0.0324  0.3526  0.5328
b 1.0762 1  42B=0.0623 0;1908, 5 BE?;Q}3356” 0.2400  0.645k
A51 a 1,0?62 1  42B=0.4290 0.2567 3 B£5=d.0051 0.3593 0.4602
b 1.0762 1 £2B=0.4290 0.2567 L  BE6=0.4403 0.2588  0.5607
e 1.0762 1 48B-0.0290 0.2567 5  £68=0.0203 0.1760 0.6135
A52 a 1.0762 1 B£2=0.4348 0.1015 5 05B=0.2381 0.31%  0.6501
b 1.0762 1 B=0.L3U8 0.1015 6  46B=0.0312 0.17h1  0.8006
e 126?62 1 B£2=0.4348 0;1015 7 £6B=0.3203  0.1221 = 0.8526
"Bg2" = aistance between boundary & reference liné P
"goB"=distance between reference line 2 & boundary

For order in which reference lines are numbered see Table 3
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I17. ﬁ.d,The Recording of the TimeAVariable,'
>The set of timing. dev1ces used 1ncluded tne follow1ng,

( ) two electrlc tlmers, catalog no. 69235, made by the Prec181on
Sc1ent1f1c Co. Chlcago, IllanIS (labelled Tlmer A and B for easy
identification), and o o

'(ii)i three Swiss-made antimagnetic etopmatcnes, diStributed in the
.United‘Stetes-by‘tne West Coaet Swiss Wetch cb;;"éan Francisco, California.

At the moment the flrst negatlve was belng exposed to the phenomenon
in the bath, the two timers and two of the watches (clearly numbered)
were aotlyated. One of the latter vas stopped and the heretofore 1nact1ve
third stoomatch pressed on at the moment the second negative was taken.
These two'stopwatches-then tréced out e oascade‘of time-interrals for
the intermediate transparencies. The negatives'with_the combination
fringe—curve pattern were not time-traced. When it came time for the
first ofdthe decisive volume negatives to be exposed, the stopwatch in
the seqﬁenee>still rnnning and the one activated at tne very beginning
were Simultaneously switohed off. When it came.time for the second
negative to be exposed, one of the timers was de-activated. The other
timer tnen recorded the corresponding time-interVal for the third volume
transﬁarency.

When'only two sets of data were deSired,'i.e., when dealing withvv
i :
solutions that were on tne dilute side; the two timers and tWo_stop—
watcheg were used.
|

As a precautionary measure, the two types of time pieces were made

to run against one another several times, and any discrepancies in the
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times féddfded were noted and subsequently taken into account in the
final cqlcﬁlations. Evidently, the two electficitimers were considered
the more reliable among the time-pieces.

The adjusted run times are listed in Table 7.

Table T.. The adjusted.times for the runs (in sechds).

Run - | "_%_”t
Ay ' ~ 7,916.3&1
- 8,745.18
' 19,298.38
A _ 1k,399.268
 15,636.78 .
b | 32790
N . 3,566.76
_ A3£r : :  2,129.28
.2,375.88
Ahl. ,_.5,299;56
6,001.56
Ay s o . , .3,358.80
4,057.68
A51 N o ‘ | 1,728.18
2,104.26
2,420.71
A52 - 1,6k45.32
1,997.28

2,140. 54
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" III. 5. The Recording of the Time-averaged Current, I

The eqﬁipmént central to this aspect of the présent work involved

fhe foll@wingé
| (é) .a Regatrdn constant;currect power sﬁpﬁly{ model 6124, from

Electronip'Meésuréménts,'a divisidn‘of the Roﬁan:CQntroilef Co.,
Eatontown, New Jersey, |

(b)-va standard four-terminal resistor, éét; ho;_hO3C—B, from the
Leeds anquofthrup co., North Wéles, Pennsylvaﬁié,with é two-términal
value a£ 25°C of 99.9999 ohms, | -

(c) a potentiometric stfip chart reéoraer; model'SRG,>cat; no.
S?2180~15;7from E. H. Sargent & éo., Chicago,vlliinois,

(d)‘ é‘differential voltmeter, model 3héOA, from the Hewlett &

Packard‘Co., Palo Alto;vCalifornia,

'and (e) a compensating polar planimeter, no. 620005, from the Keuffel

& Esser Co., New York, New York.

C@mponent'(a), of course, Supplied the pérticUlar current for each
run. Component (b),.with its two side-thumb éérew terminals placed in
series with the power-source-cell electrodes arrangement, could be (and
was ) linkéd also with the differential vpltmetef through its two top
thumbscreﬁs. The hole in the head.of_the fesispor case provided a
convenieqt site er.the insertion of a suitable thermometer tovprovide.
for témperature monitoring duriﬁg runs. Thevyoltmeter outpuf was con-

tinuously traced on the Sargent chart-recorder. Component (e) was .

" employed to measure traced-out areas on the recorder.

As stabilization of the current output was very much desired, the

power source was activated several hours before a run was made, with the °
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cell-elee££edes bypassed. The process of stablllzatlon involved also
a prio;1ee£tipg of the emplitudegof the voltmete; output and the pen
span on;tﬁe chart recorder. In this way5vwiﬁhv£he,pen zeroed in the
eenfer.df fhe chart, the!recdrde? output could be_ealibratea ey'means
bf unit:vefiathns in ei£her direction in the Qoltmeter setting,.withv‘
the réhge“set'in sucﬂ a manner that later analysieeef the traced area
was facilitated. In practice, the recorder output was allowed‘to rﬁn
aﬁ the‘lowest chart speed of O.E:HL/min for anvapﬁreciably long period
of'time_(about two to three hours) before the aetﬁal voltage-area traced
calibrations‘were performed;' The amplifier gain:COntrol on thevSargent'
fecorder_ﬁés adjusted‘duringzthe early portion of fhe stabilization
process tQ a point such that an optimal balance without oscillations in
the pen motion was achieved.v | |

With the cell assembly preperly set in the:baﬁh, leakage checks_of-
the nefﬁre.mentioned earlier Were perfofmed. The recorder input was
.disconfinued, and with the bettoh section of the Tiselius cell dieplaced
from itsbaligned position each of the three elecﬁfpde'pairings was
checked by piacing it in series with the power source. The voltmeter
readlngs obtalned by the passage of the set amount of current through
the - palrlngs then yielded the leaked current data necessary for a
de0151on to be made as to whether to proceed with the run or not. . As
pointed eﬁt eérlier,‘amounts in the order of one:microAmpere were deemed
satisfactory.

As soonbas enough stabilization was echieved, the voitmeter setfing

corresponding'to a zeroing of the chart pen was noted. The resistor
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temperature was then recorded{ Finally,'éffer»the'twd—saltkboundary
had sufficiently stabilized itself, i;e., whenjfi&erto ten,minutes_had
elapéea after fhe aligning of the bottom section; fhevcell wés placed
in seriesiwith the power source. The recérder;iﬁ:ali ingtances ran at
the slowest speed of 0.2in./min. Variations infthe resistor and bath
temperéturés were recorded during the runs.

AS:SOOh as the last df the volume‘negativés'was taken, the.cell
was taken_out of series with the current circuit,ahd the cohcentration '
boundary.within the body of the following solutioﬁ‘Was searched.for (see
thevnekt seéction for details).. When this_tgék:wasfcompieted, the same
series bf.leakage tests were‘done-as a final chéék on thé run as a whole.
:.It was foﬁnd that in all cases in which the first séries yielded go-
ahead results tbé second sgt oﬁly served to reinfbrce the validity of
what had'édne-on before. | |

Thé fecorder.oufput génerated fof each run’ﬁas analyzed with the
polar planimeter cited earlier. With the calibrafed voltage values
and the time-intervals recorded, the current drifté.from its set value
were timé—averaged.‘ As the resistor usually ran ét‘temperatures slightly
higher‘than room temperature, its two-terminal value was_adjusted for the
temperatﬁre difference present in each case, using the temperature-
coefficient'éoﬁstants given in the manual. It turhed out to be either
100.0006 ‘or 100.0007 ohms in all the runs. The time-averaged drifts were

taken into account in the final report of the adjusted current, I, in

milliAmperes, listed in Table 8.
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Table 8. The adjusted current I, in milliamps.

 Run '_f'¢EO AR . E _» . Q I
'b}voit(s) volt(s) volt(s)

VI 2. 00602 -0.000021 2.006241  100.0007 20.06227
2.00622  -0.000004 .2.006216 - .1do;ooo7 '20.96202
.jé;oo622 ~0..000024 2.00619  100.0007 20.06182

a2 ~-1.01000 -0.000413 1.009587 v,_ibo.ooo7 }  | 10.09580
-_1161000 -0.000415 1.009585 '_"100.0007 | 10.095#8

A3l 0.050566  -0.00000L5 0.0505645  100.0006 . 0.5056k
‘0;050566 -0.0600016 6.05056un .-"ioo.doo6 , 0.5056L

A32 .‘6:0749h5 +0. 0000018 0.07h0k68 100.0006 - 0. 74946
| -_;0.07n9u5 © +0.00000L7  0.OThOU6T :_100.0606 0.7hoL6
Ab1 71?01575 © 40.000102 lois8se 100.0006 10.15846
" »1561575 +0.000095 ' 1.015845 ‘J;oo.ooo6 | 10.15839

AL2 ‘1;u997o _ '+o.oooo6u 1.499764 'f ;oo.ooo6 ' 14.99756
| '1,u9970 +0. 000060 1.&99760 - 100.0006 14.99752
A51 -_ 6,501100 +o.ooo§59u | 0.501159% "  100.0007 '5.01156
lo;501100 +0. 0000644 o.50116hu-, v 100.0007 - 5.01161

, 6.501100 +0. 0000612 0.5011612 - 100.0007 5.01158

AS2 6.751700 +0.000031 B 0.751731 100. 0007 T.51726
| v‘o.7517do +0.000029 0.751729 100. 0007 T.5172k
vo.751700 +0.000029 0.751729 '100.0007 7.5172k
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B B

ITI. 5. The parameters a_ and b -
With the following_values for the coefficienﬁsiin the expressions .

for these two parameters at hand (see Milios,l §.f38),

-1/2

é'fiki/Mo = 55,3438 moles/liter; g = kS/MO.:v-O.IMMS (moles/1.)

[
i

, ,(52_- M)/MQ = -1.5504 and b = ku/Mov;fo{Q ,

~ the cdncentration data quoted in Table 2 for the_initially-prepared
silver nitrate solutions were substituted into equations (26) and (27)

(reproduced below for easy reference)'to generqﬁe_the information in

Table 9.
N S N T I IR LR
'gf¥:f + 3 C~l/2[i + lé + 0(%)] + éh (l.; Ze) (27)
T T 8% R E A

Table 9. a_ and b

B B
Runs ag ’ f . by
Ay pp . 553438+ 0.0741[1+(3/b )e+(1/80)€” ] él,ssou - 0.218601+(1/4)e]
| A31,32 ;55-3”38 + o.0001[1+(3/u)e+(1/80)e2] ' -1.550 - o.ozuoL1+(1/u)é}
Ahl,th. 55.3u38 + o.ogu5[1+(3/u)e+(1/8o)62] ~1.550k - 0.1512[1+(1/4)e]
A51,52 : 55.3438 + o.oo22[1+(3/h)e+(1/8o)e21 ©-1.550Lk - o.o67u[;+(1/h)e]’

As the initially-prepared silver nitrate solutions were all more
- concentrated than those required by the Kohlrausch regulating fuhction,

€ in every case consisted of two contributions, €

, and €, (see Section

11.3).
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1

employed centered on one eXpreSsion, namely,

€. was estimated in tFe manner suggested by Milios. The method

2

folloWing manner.

was estimated using the Rayleigh interference optics in the

e R
61'2}0'02?32»(%+;iAé)o'8<%)o.2 (29)
whe?efq = ®initial
z,,v,=1

A5 cm?l(effective Value)
'L'; 3 cm (effective value)
aﬁd:B‘é (o.1u19 - 0.0039 ci-l/g)_/pB .

Table 10 iists the relevant data.

Table 10. Estimation of €

Run -cii/2 (M)1/2 T mA" Py en/ml’   5§1iters/mo1e; éi

Ay   ; 1,Qo8u6'v' - 20.0 1.1388 0.1213 0.05

Asy ;~,' 1.00846 . 10.0 1.1388 ) 0.1213 0.03

Ay . 0.11087 0.5 0.9988  0.1418 0.22-

Ay 0.11087 0.75 ©0.9983 . 0.1418 0.31

ALy 1':vo.6976u 10.0 1.0653 : 0.1308 0.06

A, 0.6976k 15.0 ©1.0653 o £ 0.1308 1 0.09

'Asl ) 0.31074 . 5.0 1.0107 ‘    0.1393 0.17

A52 v,,; 6.3107u. | 7.5 ~1.0107 . 0.1393 0.2k
.
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.After.the Schlieren run was completed, the:Cell assembly was
gingerly‘removed from.the bath so that the interférence maék for the
cell could-be attached to its marked optical face. ' The assembly was‘
re-immerséd into thé'bath and any newly-formed bubbles (&isible on the
viewing screen és dark dots) were fastidiousij{reméved. The short length
of tubihg protruding from the stopcock away frOm the anode top was then.
‘filled Qith the same silver nitrate solution thaﬁ was ih the anodekchamber.
The sélution was then slowly and carefully drained into the chémber
proper,VCafe being taken to exclude the entranée.of air. This procedure‘
was pérforﬁed several times ﬁntil-an accountable'amount of liquid had
been adaed'to the‘assembiy énd the Rayleigh oﬁﬁics indicated that no
more needed to be drained into it. The conceﬁfration boﬁndary caused
by thevKohlrausch function, in the form.ofva ﬁavy fringe pattern when
illﬁminated by the Rayleigh arrangeﬁent,_was then gt abqut the center
of thejcell;center on the viewing scréen. Several transparencies were
obtained.of this phenomenon. The eprsure timés.fOr them werevon the
order‘of twenty seconds, and as before, they were allowed to develop
inside the camera back for at least three minutés, after which they
were treated to a solidification process with'the:Dippit solution avail-~
able. .Idéﬁtification marks werelalso‘taped ohtofﬁhem. |

As for their analysis, the objective here was to estimate the con-
centratioh of the adjusted following solution immediately below-the.

- leading solution of NHuNO3. Since the initial concentration was known
for all runs (cf. Table 2), the fringe shifts so recorded offered the

concentration differential involved between it and the adjusted. The
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proportionality constants needed to complete thié eStimation process
were obtéihed by the folloying ;cheme§ |

Soigtions oﬁ'silverinitrate werelcarefull& prepared (cf. Sectidn
III.  2) 'éccdréing.to the criferidh”that the range'df concehtration
cbvered_by'any pairing.of'solutions included thé valﬁe of the concentra-
tion of'tne initially-prepared solution. FEach pa.iring was then injected
into a';héﬁnel in the cell-center, wifh:the heévier member at thevﬁottom,
and thetlightér one added onto it with great care. As itbwas decided
.that é noﬁ-sharp boundary would not jeopérdize th;'analysis to any great
extent;'tﬁe Motor-Driven Syringe Assembly availéble with thé’eleétro--
phoresis apparatus for shafp initial boundaries.ﬁa$ not utilizéd.
Instead, the pairings were allowed to diffuse;into.each other within the
- closed Chépnels (glass-blates had been attached Onﬁo the top and bottom
flangesvof:the celi—cénter With Apiezon greaée); and the éubsequent con-
centration boundariés formed were recorded on fi;m as a function of
diffusioh timé_(to é maximum'of two to three hégré). Evidently; th¢
cell-centér was held in place inifhe holder, the whole assembly being
contrdiled‘at 25°C in the bath. The fringe shifts so recorded, along
with the known concentration differences between pairings, provided
the-propb;tionality consfants with which the adjusted concentrations
were‘estimated. The couﬁting of the shifts was facilitated by the use
of the Jarrell-Ash microphotometér available. The technique inyolved

15

‘can be found in the Ph.D. dissertation of Hsueh. The data for the
.'adjusted concentrations are presented in Table 11.
The criterion used in deciding on the validity of the fringe

patterns (i.e., whether the boundary recorded in terme of these shifte



_55_

was validrof nbt.within the diffusion_time'span) ﬁad to do'wifh checking
whether ﬁhg snifts wére vertical at thé‘upper aﬁd.iowef edges of the
transpa?éﬁciés. In all instances, the fringeiégttern recorded passed
 this té'st'__q;uite well. o |

Evidently, by looking at the values of €, in table 11, the

2

érudeﬁscheme employed in the preparation ofvtheﬂinitial silver nitrate

solutions, namely, Eq. (34), "paid off” in terms of rendering €, small,

2
even in the concentrated regime.

Wiﬁhbthese values for e,

and 62, the express;dns in Table 9 were
. used td ¢ompute the values of the two parameters aB“and bB. The results
can be found in Table 1l2.



Table 11. Estimation of €, by Rayleigh Optics.

2
Run Ac of'.', "~ Average = K, ) 'Average'_' Concéntra- Ci;molés/ 7Qf;leéé/ ‘€2 -
© pairings in  number proportion- - ‘number - tion o N qiter ‘
calibration  of ality of difference (from
runs,moles/ shifts constant, shifts via K, table 2) -
liter recorded moles/ . ‘recorded moles/liter .~ ’
liter/shift  in actual |
: runs _ _
Aoy oo 0.11942 52.75 0.00226 3.25 0.00735 1.01698 . 1.00963  0.01
J - : ' : .
(1.01696
- 0.89754) |
Ay o - 0-10999 61.35  0.00179 11.75 0.02103 0.48670 0.4656T7.  0.0L
> (0.48790-0.37791) . : : . o
Ay o 0.200 117.65 0.00170 4.0 0. 00680 0.09656 . 0.08976  0.07 R
51,5 (from Milios) _ - S o h
A - _ - - 0.0 0.0 0.0122 0.0122 0.00 -
31,32 , 9 9 _
] L]
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Table ;é} ap gﬁd by
Run € +e_=¢ (1+§e+—l—-e2) a (1+7€) b b_/a
2 L™ 80" B L B B'"B

Ay ' 6}06 T 1.0L4s - 55.4212 1.0150'=i -1.7723 . -0.0320 -
A,, ~ 0.04 1.030 55.4201 1.01Qo_51: -1.7712 -0.0320

’ Ay v":o:22 C1.1656 55.3ﬁ39 ‘ 1.0559:‘f’_-1.5757 : -6.0285
Ay '9{31 ) 1.2337 5. 3439 1.0775 . -1.5763 © -0.0085
Aul . 0.10 1.0751 55.3701 1.0250': _'-1.705u -0.0308

| Alp '_'ﬁb,13 1;0977. 55.3707 1.03257k‘ -1.7065 ~0.0308

| Agy ','d.zu ©1.1807  55.346h4 1.0600  1.6018 -0.0293

A, 0.31 1.2337 . 55.3465  1.0775  -1.6230  -0.0293




: F“%58_‘
: v s S S e ‘ .
'III;'.Tf.iThe Transfefgnce Numbers.of NHhNOéSoquidns at gst, |
ffheitfaﬁéference_nu@bérévéf-the:ammoniumiﬁitiate.soiutions‘éxaminéd,
as a résult'bf-dvdirect application of Eg. (30);iére listed in Table'lu,_
following iabie 13 which contains:a summaryofthe term FV/Tt and the

paraméﬁérs?that constituted its makééup.
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Table 13. The term FV/It.

Run

O

52

O

V;éﬁs'
(from
Table 6)
0.8058
0.8920
0.9479

.Th17

o

- 0.8059

0.6803

0739k

bg6565
0.7335
0.5692

0645

0.5328
0.6L5L
0. 14602
0. 5607
o.éh35
6591
0.8006

.8526

I,mA

(from
Table &)

20.06227

20.,06202
20.06182
10;09580
10.09578
0.5056u
0.50564
0.749k46
0. 74946
10.15846
10 '
1k,
1k

5.01156

. 5.01161

5.01158
51726
. 5172k

~N ==

L5172k

.15839'
99756
.99752 -

t, sec
from
Table

T,916.
8, 7ks5.
9,298.
1k,399.
15,636.

3,274,

3,566

2,129.
2,375-
5,299.

‘6,001.
3,358
L, 057.
1,728.
2,10k.
2,420.
1,645,
1,997.

2,1k0.

7)
3k
18
38
28
78
98

.76

28
88
56
56
80
68
18
26
71
32
28

5k

It,mAseé" %E’QTEBIE
158,819}750  ﬂo.
175, 445 97
186,5&2;
145,37é;
157,865.

1,655.
o

- 1,803

1,595.
;627f

1,780

53,835.

60,966
50, 373

60,855.
8,660.
10, 545,
12,131
12,368.
15,01k,

16,090.

96
W26
é5i '

%91 .
%1

810

368
.187_-
-8d5

137
878.

730:'
.582
298

033

953

_53.
60.
sk,

11.
.14996
. 95387
. 80164

O N = \©

58.

E

60756

- 54999
51727
66376

6112k

27009

50328

LE6UT

19046

-79237
. 58273
- 9155k
. 58562

14125

42685
L9972 -

v 3/

Trocm
g-mole

0.48957
0.49059
0.49032
'au%gL
0.49260
39.6411k4
39.56033
39.69624
39

1.02022

. 74870

1.02007
1.02060
’1.02336
5.12720
5.13038
5.11832°
5.14206
5.1L534

5.11280
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Table lh;; Cation transference number data of NHuNO'Qat 25°C.. -

Riin ané3/°o|x=-w /Tt Me/pé bﬁ/aB Sum ot ,0r
S () @) (o) (eRE)e)
LA21 55.4212 i " ; 0.4806 o.01o3' . -20.0320 0.4679. ~  0.51292
; - (1.97799x1077) - o T - |
= 1.096226 0.4906 = 0.0103 ~ -0.0320 0.4689 0.51402
| f _ 0.4903 0.0103  -0.0320 0.4686  0.51369
Ay,  55:420L ., 0.4923  0.0103  -0.0320  0.k706  0.51587
(1.97799x10 7). : o v : :
= 1.09620k 0.496 0.0103 -0.0320 . 0.4709 0. 51620
' ‘ o . avé. = O.5lﬁ5h‘
Ay 55:3439 L, 39.6h11 0.0103  -0.0285  39.6229 0.49699
(2.26637x10" ") *
=-0.012543 " 39.5603 0.0103 -0.0285  39.5421 0.49598
Ay, 0.012543 39.6962  0.0103 -0.0285  39.6780 0.49768
: 39. 7487 0.0103 -0.0285  39.7305 0.49834
| | o avg. = 0.h9725
ALy 55.3701 3 1.0202  0.0103 ~0.0308 0.9997 0. 50979
(9.20966x10°°) - : P L > S
= 0.509940 '1.0201L  0.0103  -0.0308 0.99% 0.5097k
Ay,  55-3707 o 1.0206  0.0103  -0.0308  1.0001 0.51000
~ (9.20966x10 ) - - , ' .
="0.509945 1.0234 © 0.0103 -0.0308. 1.0029 0.51142
L : avg. = 0.51024
ASi - 55.346L4 -3 5.1272 0.0103 'Qo.oég3 5.1082 0.50767
| (1.79567x107) B - - |
= 0.099384 ~ 5.130k4 0.0103 -0.0293 5.111k4 0.50799
- - 5.1183  0.0103 . -0.0293 5.0993 0.50679
Ag ' 55.3465 »_é 5.1421  0.0103 -0.0293 5.1231 0.50915
- (1.79567x10 ) : | |
=.0.099384 5.1453 0.0103 -0.0293 5.1263 0.50947

5.1128 '0.0103 -0.0293 ©  5.0938 - 0.5062k4

avg. = 0.50789 -
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The standard .deviations and uncertainties involved with the data in
Table.lhvare presented in Table 15. The former.measure was taken to he
- ' ' the colléctiVe contributiohs of the>variables-1,ft, and V. The uncertain-

ty brought about by the presence of the term

I

3

co X= =%
was asSumed”fo be that due to the weight of salt, an absolute value of -
0.001 gram. - The sum of the uncertainties, and their»absolute amounts,

are repréduéed in the following table for easy reference.

Table 15. The transference numbers and their uncertainties.

Run . Average Standard: % % . sum ti, complete
‘ tl : deviation . uncer- uncer- - : :
S tainty tainty -
o . : (salt) - ' ‘
Ary oo 0.51454 #0.00141 0.27h 0.00L" 0.275 0.5145%+0. 001k
b S0 .
Ay 5o 0.h9725° £0.00105 0.211  0.089  0.300  0.4973#0.00L5
A o 0.51024k  +0.00077 0.151 0.003 - 0.154 0.5102+0. 0003
s . . ‘ . .
ASl 52= 1 0.50789  +0.00127 10.250 0.015 0.265 0.5079+0.0014
» o : o ,
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III.8. The Transference Numbers of AgNO3 Solutions at 25°C
The ffinge shifts recorded for the concentfation boundaries, when
manipulated correctly, yielded the concentrations of the adjusted follow-

ing soldtions,

. .

3]
(see Table 16). With the literature equation fbf_the density function at
hand, Eg. (35),'densitiéé for these. adjusted solutions were obtained.

They, in turn, generated

e
I

The_Kbhlréﬁsch regulating function was finally made use of in calcu-

. Ag+
Table 16.. The calculated t L 'se
T
: 'x=+°° O'x=+°° c oy e
moles/liter moles/liter 0 [x=t+® 3/ o |x=-
Ay oo 1.0096  1.137753  53.632 0.018825  0.9517  G.h90
A 0.0123  0.998816 55.325 0.000222 0.9797 0.487
31,32 , : S _
A 0.4657 1.062356 54,576 0.008533 0.9265 0.473
hi,42 : -» :
A51 5 0.0898  1.009752 55.201 0.001627 0.9061 0.460
] ) 5

As can be seen,.thé value for t

2

at the very dilute concentration

of 0.0123M is not reasonable. This is not surprising, as the Rayleigh

system, with the Smm interference cell assembly incorporated in it, is

incapable of detecting the faint concentration boundary actually present.

Irregardless of the setting of the inclination of the analyzer diaphragnm,
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the multiple slit for the Rayleigh system contained_only a finite (162)
numberlef point'sources df finite width and sepafatlon distance from

one anotner. Evidently, the minute concentfatien difference in this

very diluﬁe'solntion exceeded the degree of aecuracy, ordef-of-magnitude—
wise,'avallable in the Perkin-Elmer apparatus for the detection.of con-
centration differences in the dilute regime.

Therefore, fef this concentration, the only_outcome takes the form
of the leading ion transference number. Thebsmall and nonsharply-
outlined Schlieren peak recorded (with the analyzer dlaphragm set at
its acutest angle of inclination) did not, however, in any way affect
adversely the m1crophotometer intensity analys1s admlnlstered to the
transparencies containing it.

This writer feels compellea.to nqtevnere that in runs involving
solutiene_of'concentfafions equal to about 0.5M and above_(i.e., runs
A21 22,141, h2’ and the 2M runs discussed later), even with the analyzer
slit set to yleld the most distinct peak outlines, the peak apexes did
'notlpresent themselves on film. Rather, a thick dark band occupied the
whole lateral area between the two peak slopes-quite symmetrically
(cf. figure 7)- | This phenomenon was present in the Rayleigh
combinatidn»transparencies as well as in pictures taken withvthe cylin- |
drical lens\removed (i.e., pictures that showed just the 2mm width
marked cell channel). In general, the thlckness of the dark nand grew,
'qualitanively speaking, as the solutions became more concentrated}

The presence of the dark band notwithstanding, the two eymmetrical
(as far as the naked eye could tell), curving portions of the peaks

reeorded were distinct enough (they were separated from the thick band
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éufficiehﬁly)‘that the miérophotometer analysis'téchhique (és presented
in Sectionj i_II.3 (b) (iii)) of locating the absc')'l'l.it‘e' position of the
peak as ﬁhé mid~point of the two intensity peak$1fofmed by these curves
metvwith nd difficulties. As far as the aﬁalysis went, it mattered not
at all whethérvindeed fhere was’an'apex to a Scﬁliérén-peak'or ﬁbt; the
.crucialxque3£ion was one of latéral peak symmeﬁry;iand_this was observed
to be préséﬁt.in'ail cages expefienced. | |

This ékperimenter had on three occasions attempted fuﬂsvwith a
oM NHMNQé sbiution'(2.00h6TM to bé'exact) and two slighfly less concen-
tr.at'e'd AgNO3 solutions (1.95917M and 1'.961&2_M).;r_ In one instance with
‘the first of the latter as thé following solution, therevwas avheretofore
ﬁnobser?ed?vsignifiﬁant electricél phénomenon preéent'while‘the run was
prbgreééihg, with the resuit that the current could not be held reason--
ably stétiénary (drifﬁé in the current were always present to a control-
lébie'degree in éll.the ofhér runs in the'presentvwork)within the voltage
scale éét én ﬁhé chart recorder. Tbié wés,'hdeQGr,_the lesser of LwWo
adversities, and was absent in the othef two ruhs, most prdbably'because
whatever system léakage or incompatibility in;olﬁed was remdved‘by one(
of theiée&eral leékagerprevention measures elabofated upon eéflier. The
major problem observed was one in which the bottom portion of the
Scﬁliefén peak was‘distorted weirdly in the region immediately bélow the
lower edge of the dark band. The negatives takén with the cylindrical
'iens out of the optical system showed that immediately below thé ldwér

~edge of the now 2 mm wide dark band a streak of exceptional bright light

covered the width of the channel. This streak was less prominent in-
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Flg 8. A sketch of the vdi_storvt_'éd Schlieren peak phenomenon.
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brightness in the Rayleigh and Schlieren pictures. But immediately
beneath it'in the photographs with the Rayieigh'cbmbination phenomenon

whatever fringes might'have been present could nbt be diétinctly made

out, whereas in the leading solution region on tdp{of the band the

. vertical fringes were both clear and distinét_(asiin the other runs

with 1es$:con¢entrated ammonium and silver nitréﬁeé). Further down
the tranépéfen¢y they‘became a little cleérer;;alfhough a far cry from
the nofm_ih terms of_distinctiveness ahd vérticalness, as they were
slanted.from‘the'vertical énd there were indiéétiahé df'fringe-batch '
overléﬁs.” The bottom curving portion of the péak'(as evidenced in the

Réyleigh‘ahd Schlieren transparencies),‘a-much weaker intensity-wise and

. narrower version than its counterpart on top, seemingly was dissected

somewhere;after'it bégan its sloping,toward.the dark band that was in

the center portion df what was taken to be thét_bf the iateral peak, as
depicted in figure 8. Eurthermofe, distance b is less |
than distance a. It was reasoned after such a rﬁn that perhaps the

blame wés wiﬁh the foliowing soiution. Conséquently, another AgNO3
solution was made up (1.961L2M); its concentration came closer to the
leading ion concentration. Another run was made, and it was again
obéerﬁedqfhat with everything else involved in good order the above
phenohenon did not vanish. Besides, the dark band in these tﬁree runs
had become menacingly thick; distance'é was not "large" enough to command
comfort and contentment (drawn out-sized_ih.Fig. 8 for illustrative
pUrposes). As this writef had not the necessary expertise in optics (one
ﬁossible’answer for the abOve discrepancies) or the time to try to secure

it (largely due to his own tardiness), the problem was left, rather
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grudgingly; undisturbea; The abnormalities deStroyed ény hope of pin-
pointiné fhe moving boundary loéation, and.at thé:ééme time 1ocati?g.
the concentrationvﬁoundéfy in its wake. L

It is entirely possible that the followingvsoluﬁion concentration
becomes critical, in its feiationship'wiph the leading solution concen-
tiatioﬁ in the concentrated regime. It is mdre;brobablé, however, that

the real ﬁroblem lies with the optical makeéup of the present system,

although this writer would be very much remiss‘if he were to claim that

hevhad a vaiid argument to support this statemeht.: It ﬁad been suggestedv
that péfhaps the 9 mm length of the optical chéﬁnel could be reduced
somewhét to entertain these aberrations, but whether this would in
reality rise to the occasion in solving the problem or would fail in

its attempt could not be ascertained at the mément.

Tt was noted in general that the thickness of the boundary at its

.base increases proportionately as the quantity of current passed decreased,

3 solutions tested. As noted by Milios
. o

for the same pair of IVH, NO, -AglO
this relationship can be theoretically supported. In all

9

and Newman,

instances, the current direction was such that roughly speaking,

z.it. < z

13t < 2ty L (36)

vi.e;, fhe‘leading solution had the higher conductivity, as the boundaries

obtained during runs were stable.
Haase, et al., have reported data on the Ag transference number
' 2,16

volume correction.

model. In the context of the present two-salt system, the equation for
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the transference number of, say, the leading ién, invthe Lewis form is
the following,

-

-z.cC . o i;.,“
L 33 e o |77 | Te Vg’ '
b1 7 N | Tt T2, T zv, (37)
‘ 1-c, | T o Z'
. 3 =_°° A L P =
Lz.C ‘ ' o =H ] ' '
o 33 o lwy T VB | (38)
] . i#I LIt C Zs .ZQVQ
oh—-moA e
It has been shown™ that
L —
Y, %. 7 N |
» oA '
where a, is.given by an expression that is analogous to equation (14).

-in the case where the ﬁartial molél volumé‘éf the solvent is
constantbthrough the moving boundary, ﬁherefOre, these two transference
numbéfxeqﬁations become one and the same. The éonversibn of the Haase
numbers-tb_the present, more rigorous system,'in the manner introduced

: 19

by Milios in consultation with NeWman, involves the following scheme.

Equation (21), when cast in another light, becomes

» z_c v b o o v
’C = =g _La ’FIl’_ + _e + ___VE___ . E . (LI-O)
1 By |x=-w | T8 2o Zp%2%3) .

The connection between Eas. (38) and (40) is immediately obvious, with

the result that



Also,

. o

e (1-¢, VH) z._ce ," 1'_ . .
L 3Ix?-m A’ L 3 3ix==®, =] \

*17 % c | _ YT e [ (ang + by (1)
¥ O |x=- _ 2 2 o|x=-%

" In Haase's endeavor, "B" refers to Cu(NOS)éland is the following

- v T .
solution to AgNO3; and ion 2 represents the Cu - ion. Hence 25 = 2 and

. ' . . .
vy = 1. Since '_Viiand Vg are known as 0.02801 and 0.03270 ml/gmole,

respectivély, the task becomes one of ascertaining-the values of aj and

b

B . , S .
' From a linear plot of the density data of CQ(NO3)2(tbe data presented
in'Haésé'sﬂpaper)from 0.0 to- 0.7 M concentration (the linear plot fits
the data exceedingly well, as pointed out by Milios), Milios was able

to formulate the’following equation for the conceﬁtration of,thé solvent,

[l

- 55.3k21 - 1.90c

NG
To | x=-0 .

Jeow 5 O<e<OTH L (B)

aB + bBc3‘x=-m

3y

at 25°C = 0.997074 + 0.1L41956¢

PpgNo 3|x=-®

o 3/2
_._0.002603c3 lx=_m (4h)

1

18.006 ¢ | _ .+ 169.888c | _

1000

With the above information, and the assumption that Haase's follow-
ing solutions had concentrations within the above range, conversions were

effected. The results are shown in Table 17.



Table 17. .-t

2 @ comparison.

SAg ;
L L e
°3 =t “3lx=-= o lx=-e e Cae e
c9ncentrg_¥ c?ncentra-+ solvent (Hasse) v (Ha§se (present)
tion.-of Ag - tion of Ag conc., - corrected) :
moles/liter moles/liter moles
(present (Haﬁse, et liter
analysis) = al.’) ‘(Haase)
10.0898 : | | e 0.460%0.009
'0.09962 55.1848 0.4687 - 0.4686 :
| 0.4676  0.L6T5
0.467h4 o.h673f
' ‘ ‘avg=0.h678
0.1950 - o , | S 1 0.L467+0.009
(Milios') = " 0.1995 55.0216 0.4723 0.Lk722 '
o 0.4708  0.4707
a,Vg=O.HTl5
0.4657 , _ | 0.473+0.010
© 0.k995 5k, 518l 0.4819 _[“b.u819
| 0.4812 _ 0.4812
avg=0.4816
| 0.9978 53.6529 0.4953 Q.u958
1.9096' | | ' 0.490+0.010
. 1.1005  53.4708 0.5007  0.5011
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It should be noted that the indirect results for tA + (present)

from the Kohlrausch regulatlng functlon, due to the uncertalntles in the

salt (i. e., ¢ i, are accurate only

) and in tNHh

welght-ofﬂAgNO3 3[

to about 2%. As can be observed from.Table 17, the data agree reason-
ably well with one another. It is inﬁeresting.to,note also that the
conversions have only affected the fourth decimal piace of some of the

Haase numbers.

III. 9. Suﬁmary of the transference number datamfor NHMNO at 25°C

. 3
Singe_the iiteraturé datumlS_available fofvammonium nitrate solu-
__tipns.hagvbeen obtained via a'Lest—type‘volumé'éorrection proééduré,
and'the:présent analysis yields numbers vié a_Miiibs—typé fofmulétion,
it is félt that a_comparison'of.the two sets cgﬁvﬁe.effected only aftef‘
the necesséfy conversioﬁs have been made. The lack of relevant data
¢oncerning‘£he.particular partial .volumes and denéity function involved
‘with thiéionly other transference number (than'thé one at infinite
dilution) reported hés promptedvthis writer tévgd the other way, so to
speak, and convert the.present numbers to the.LeWis scheme, Jjust for
intereét's‘sake. |

Thé'pfesence of Eq. (39) makes it all possible. With the intro-
dUétibn“éf’anveqﬁation for the solvent partial m§lal volume in a éingle
salt solution (subscripted i) at hand, in the fashion initiated by

Miliosl in Appendix B of his thesis,

kT — -——Q—-—\ “ . . . . .
VOi = api ’ (l"5)
Pi %%,
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~ and the literature density equations for NHMNO3QA)and ag MO, (B) at 25°C,

A = 0.997077 + 0.032628¢, - Q.000963cz/2‘-,o-boooh73ci (L6)
and _ -
oy = 0-99707H + 0.1k1956c_ - o.ooeéoscg/2 I (k7)

‘one can arrive at the following,

u |
_ s |

Vo= - . (48)
%A 5.99707T + o,ooou815c2/g_+ o.oooou73ci'

and -

S M | -
Vo= © B | o)
vQB‘-'o.997OTh + 0.0013015¢§/2 co o

Tt follows, then, that

Lo o 3/ :»r 5 _
£y 0.997077 + 0.0004815¢ 3 |x=_m ; 0.0000473e2 |, _ o _Vep (50)
t - 3/2 | | =S

1 0.997074 + 0.0013015¢5 |X=+m : Vs

from which the conversion from tl to t? can be facilitated. The calcula-

tions culminate in Table 18.
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Table 18. - The conversion from t, to ti.
: o 7., -
: ; = L= : oB L
Run 3 lx=-w  C3]x=te Y Yon Voa V. )
. - fe)
e me elfoie on¥fuone
Aoy 22'2}1;039h06 %'0096i 0.5145 0.997638 0.99839%% .0.9992  0.51k1
Ay 3p 0.012536  0.0123  0.h973  0.99708k . 0.997076 1.0000  0.4973
- 2 . L .

Ay o 0-OThER 0.4657 0.5102  0.997258 - 0.997488 0.9998  0.5101
2 . . ., .

ASl'SEI 0.098909 0.0898  0.5079 0.997092 0.997109 1.0000  0.5079
, b , ARCARGANE | .

Allvthe pertinent t. data are summarized in Table 19.

1
- Table 19. Summary of tNH + at 25 C.
: L
) L _
‘ , N .

c3|x=-m_ : . tl tl . Source

moles/_v

liter

0.00 - 0.5072 0.5072 Arrived at analytically via a

. ' : consideration of limiting ionic
~ mobilities--ref. (17)

0,0125 0.4973t0.0015  0.4973 Present analysis
" 0.0989 s+ 0.5079+0.0014 0.5079 Present analysis

0.10 ' 0.5130 MacInnes and Cowperthwaite - ref.18

0.2131 0.5140%0. 0025  0.5139 Milios - ref. (1)

|
0.4975 Q.510210.0008 0.5101 Present analysis
1.0394 0

.514540.001%  0.5141 . Present analysis



a

_75_

Aé_ca__ri be séen, the distinction between the Lewis and the Milios
appfoachészﬁas brought éut in thé above manner,“ié hot readily noticeable,.
except,.ﬁéfhaps; at highéf concentratioﬁs. 'Eveﬁ so; the difference is
only iﬁ.thé fourth decimal place of the data, and this.finding might be
coupled_wiﬁh a similar one in the other conversién{direction (see Tablé
17 and subséquent.diséussions) to indicate that the ratid Qf solvent
partial méial Vqlumes thrbugﬁ‘a'two—salt mOQing.Loﬁndary is not éppre-
ciably different from unity; for concentrationsjébbut i.O M and less.

The tablé'does point out that the fourth and fifth numbers deviate notice-
ably ffé@fthe'general tréna of the others,_and_they.are precisely those
that did ﬁ&t originate from the present endea?or; It is not immediately

obviouslwhy this is the case.



IV." Conclugions
. The moving-boundary expreséion for the transference number as
1 RSTR T .
derived by Milios™ in conjunction with Newman, and the experimental
. - ] .

technique;fashidned by the fOrmér, together yield the followihg data for

" the NHMNQ37AgNQ3 ;ystem at 25°C.

Table 20. t _ and t .

c3|x=-5},“ _ “ti o 031X=+m | _ t2
moles/ - o moles/ '

liter . = S o liter

0.0125 ' 0.4973+0.0015 0.0123 B
0.0989 0.5079+0. 0014 0.0898 0. l+_6ofo. 009
o.kors O 5102£0. 0008 0.1657 ~ 0.473:0.010
1.0394 0. 514510. 001k 1.009% 1 0.490£0.010 -

Thévghief aih in the present endeavor has beén to find these numbers.
The next'lbgiéai step of theoretical intefpretéfioné is left undone. It
might be séid_that the one regret felt in thevcogrse of this.brief |
experiehée in the laboratory stems from the iﬁability to discover other
numbers characteristic of solution concentrations of a higher order.
The technical barriers have been alluded to éaflier, and will not be
re-iterated here. .It suffiées to Sa&‘that the pféseht effoft has been

successful in terms of its objective within a concentration range of

_ between 0.0125 M and 1.0394M in ammonium nitrate, and 0.0898 M and :

1.0096 M in silver nitrate.
This writer feels compelled to inject, as. a parting shot, an aspiré-

tion of sorts for a time-measuring device that automatically punches‘
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out time-intervals whenever desired. In terms of his experience with

the mohitoring of the time variable, the inclusion of such a piece of

]

equipmént ﬁould be a‘definite impro&ement éslweii as a>cbmpetent soother
of nerves.v |
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Nomenclature

aI

Ctinitial .

“final

~78-

defined by equations(lh).énd (h2)v'  l

érossfsectional area of ceil chanﬁél;'émg

éurféce'area Qf.§lectrode, chg

defined By equations (lh).andl(ﬁ2>_* f

concentration of species 1, moles/ém3_

total solution concentration, moleé/émS

lowest concentration of folloﬁing'goiution removed from the

th?salt boundar'y,.moles/cm3

»highést concentration of following solution removed from

"the%two-salt boﬁndary, moles/cm3 o
2
- .diffusion coefficient, cm /sec

. . S o
- diffusion coefficient for binary interactions, cm /sec

defined by equations' (24) and (25)
defined by equations (24) and (25)

Faraday's constant, 96,493 coul/equivalent

. defined by equations (2h4) and (25)

accéleration of gravity, cm/sec
defined by equations_(eu) ahd (25)
:éurrent density, Amps/cm

current; Amps

defined by equation (22)
_electrode height, cm |

molarity of solution, moles/liter

-molecular weight of substance I, gm/mole
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" volume through which the two-salt boundary moves, cm

-79..

universal gas constant, joule/mole-deg

time, sec

" transference number of species. i

transference number of species i as calculated using a

LéWis-type,volgme correction, see eqpation (3T)>\
temperature, deg K - | |
velocity of the>two—salt boundary, cm/se§
veloéity of ébécies i, cm/sec |

3

volume, cm3

-partiai molal volume of’substance I;>cm3/molé

distance variable, cm
charge number of species 1

défined by equation (12)

coefficient of expansion, (1/p)(dp/dc), see equation (28),

cmS/mole
defined by equation (12)

)/e.

= {c Caeps
( ¢ initial .

final” Cinitial
contribution to € duetoelectrode reaction

contribution to €du¢to presehce'of concentration boundary
caused.by Kohlrausch régul&ting’fhnétion_
electroche@ical.potential of speéiesgi, joule/molg

. . 2
kinematic viscosity, cm /sec

number of cations produced byvthé dissociatioh of one

molecule of electrolyte

density of electrode material, gm/Cms
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Subscripts
0

1

X,=_ o

x=+o

+

SﬁperScripts

B

H

~80-

. density of solution I, gm/cm3, gn/liter in equation (13)

g

solvent

T.léading ion when boundary rises, following ion when boundary

falls

folloWing'ioh whén.boundary riées,'leading ion when boundary
falls
common ion

two-salt boundary

. electrode

far removed

evaluated in solotion A at concentration required by the

Kohlrausch relation

'evaluéted ihosolution B at concentraﬁion féquirod”by ihe
Kohlrauéch relétion ' |

salt or salt solution composed of'ions 1l and 3

salt or salt solution composed of ioné 2 and 3

cation

anion

salt solution composed of ions 2 and 3 - .
associated with Haase et al.u . NV

2,1

associated with a Lewis-type volume correction
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LEGAL NOTICE

This réport was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: _

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or

_ process disclosed in this report. N

As used in the above, "person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any inforrhation pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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