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A resu me is given of the dete rmin ations of the va lue of the Faraday. Va lues ob tained by s ilve r 
deposition, iod ide ox id ation, oxalate oxida tion, the o megat ron , a nd ilve r di ssolution are rev ie wed. 
Ali values are converted to the unified 12C inte rna tional scale of atomic we ights us ing the international 
a tom ic wei ghts of 1967. Va lues of th e Faraday are given in terms of both the NBS (legal) and abso lute 
unit s of elec trica l measu re. In the la tt e r the new valu e for the acceleration du e to grav ity is used in co m· 
puting the absolute value of electri c curre nt. On this basis and using the atomic weight of silver deter
mined by Shi elds, Craig, a nd Dibeler, and converting to the I2C scale, the value of the Faraday is 
96,486.9 ± 1.6 absolute co ulombs per gram·eq uivale nt which differs by only 1 part per million from 
the value recommended by th e National Academy of Sciences -National Research Council. If the 
atomic weight of silver recommended in 1967 by the International Atomic Weight Commission is 
used , th e Faraday on the new grav ity value is 96,486.5 ± 1.6 absolute coulombs per gram-equivalent 
whic h differs by 5 parts per milijon from that recomme nded by the National Academy of Sciences
Na ti onal Research Cou nc il. No c hange in the va lue of the Faraday a dopted by the NAS - NRC Com
mittee is recommended. 
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In 1962, Remy [1] 1 in a review article converted 
all published values of th e Faraday to the 1961 unified 
12C scale of atomic weights. In so doin g, he used the 
inte rnational atomic weights of 1961 and several in
appropriate co nversion fac tors. It is the purpose of 
thi s resume to clar ify this matter and to bring the 

where th e ± 0.001 represent s the "experime ntal un . 
certainty" in the atomic weight of silver. 

I values of the Faraday as de termin ed by various ex-

At the tim e the above definition was formulated it 
was realjzed that additional and more acc urate meas
ure ments were needed to place the electrical units 
more closely on the theoretical MKSA elec tromagnetic 
units. By 1948, after interruptions caused by the two 
World Wars and after improve ments in techniques, an 
accurate determination of the electrical quantities in 
centimeter-gram-second electromagnetic units was 
achieved and on January 1, 1948, changes from inter
national to absolute units were officially made inte r
nationally. These conversion factors for the volt, ohm , 
ampere, and coulomb were as follows: 

f 

peri me ntel's, up to da te. Intern ational atomic weights 
of 1967 a re used. 

1. Si Iver Deposition Method 

\ The classical method for the determination of the 
~,. Faraday involves the electrolytic deposition of silver 

on platinum from an aqueous solution of silver nitrate. 
This method has bee n extensively studied and under 
closely s pec ifi ed conditions was used for man y years 
in de finin g the international ampere. The intern ational 
ampere was de fin ed as tha t s teady or unvarying c ur
re nt whi c h whe n passed through a solution of silver 

~j~ nitrate in water de posits 1.11800 mg of silver per 
seco nd [2]. This de finition became the definiti on of 
the international ampere in the United S tates by 
Public Law 105 passed by the 53rd U.S. Co ngress [3]. 
The valu e of the Faraday on thi s basis, usin g the 1967 
international atomic weight of silver [4] ,2 is the n: 

F = 107.868± 0.001 964830 09' C . 1 
0.00111800 , . ± . Int g-eqUlv- , 

1 mean international volt 
= 1.00034 absolute voll S 

1 mean intern ational ohm 
= 1.00049 absolute ohms 

1 mean internation al a mpere 
= 0.99985 absolute ampere 

I Figures in brackets indicate the literature references at the end of this paper. 
2 Thi s va lue is based on the mass spect rometer measurements of S hields. Craig, and 

Dibeler [5]. On the 160 physical scale of atomic weight s they obtained I07.9028 ± O.OOI3 
which on the ItC scale becomes 107.8685 ± 0.0013 using 1.0003 17917 ± 17 X 10-9 to COll 

vert from the physical to the 12C unified scale of a tomic weights. The Inte rnational At omic 
Weigh t Commission rounded this va lue to 107.868 in 1965 and proposed the same value 
in 1%7 [4]. See also footnote i of tab le 2. 
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1 mean international coulomb 
= 0.99985 absolute coulomb 

These factors were based on th e convers ion factors 
found by th e various nati onal laboratori es and would 
be applied onl y by a n internationa l laboratory suc h as 
the Bureau International des Poids e t Mesures (BIPM), 
Sevres, France. The factors for the various co untries 
differed from the means give n above and for the 
United States were [6]: 

1 interna tional volt (USA) 
= 1.00033 absolute volts 

1 international ohm (USA) 
= 1.000495 absolute ohms 

1 international am pere (USA) 
= 0.999835 absolute ampere 

1 international co ulomb (USA) 
= 0.999835 absolute coulomb 

Accordin gly, the Faraday as given by si lver deposition, 
in absolute units in the USA is: 

F = (107.868 ± 0.001)( O. 999835) 
0.00111800 

=96467.1± 0.9 abs C g-equiv- I . 

Since the measurements were made in the USA the 
USA conversion fac tor given above must be used. 

During the decades that the international ampere 
was defined as above, it became generally recognized 
that the value 1.11800 mg for the electrochemical 
equivalent of silver was too high owing to inclusions 
present in th e s ilve r depos ited in the silver coulometer. 
Exte nsive work was carried out to ascertain the exact 
magnitu de of these inclusions using various types of 
silver coulometers. T hree methods were employed: 
(1) determination of the loss in weight of the deposit 
on heating to redn ess, (2) direct analysis of volatile ma
terial of th e deposit on heating, and (3) direct analysis 
of the deposited silver for its silver content. 

In method No. (2) Duschak and Hulett [7] detached 
the silve r crystals from the platinum crucible and 
placed th e m in a glass tube provided with a manometer 
and a s mall side tube, after whi ch the tube was evac
uated and sealed. The cr ys tal s were heated and the 
pressure meas ured before and after the water vapor 
present was condensed in the side tube . Hulett later 
poi nted out that the results of thi s method were un
certain because of the possibility that some of the 
gases expell t!d may have come from the glass con
tainer. Laird and Hu lett [8] at a later time attempted 
to avoid this diffic ulty by dissolving th e crystals in 
molten tin at 400 to 500 °C. As before, by working in 
an evac uated system, the volatile inclus ions which 
were insol uble in the molten tin were meas ured by 
fractional cond ensation. In method No. (3) the crys tals 

were dissolved in I1Itnc acid and the silver precip
itated as chloride or bro mide. 

A s ummary of the res ults obtained by these three t 
methods is given in table 1. Scott [21] from a review I 

TABLE 1. Amounts of inclusions in silver deposits in silver 
coulorneters 

Number of 
Result s 

Year Experimenters Method 
experimenl ~ Mean Range 

Perceflt Percellt 
1884 Rayle igh and Sidgwick [9J ... '(I ) I) 20 O.oJOS 0.02S 
1886 Gray [10]. . . '(I) . (') 
1902 Richards and Heimrod [II].. '(I) 12 O.OIS 0.027 
1906 Van Dijk [12J .. " (I ) 7 .000 .01 5 
1908 Aycton, Mather, and Smith [13]. . . . ' (I ) d II .000 
1912 Boltzmann [14] .. ' (I) 19 .024 .01 13 
1915 Jaeger and von Stein wehr [1 51 . . ' (I ) IS .OOOS .007 
1915 Richards and Anderegg [16] .. " (1 ) 27 .0139 .03 13 

1916 Vinal and Bovard [17) e . . ' (I) 2.'; .0040 .OOSI 

1905 Dusc hak a nd Hul ett [7] .. " (2) ' s 0.0079 0.0052 
1912 Laird and Hule tt [S[ . .. ' (2) , 15 .005 1 .0055 
1917 Bovard a nd Hulet! [18] .. ' (2) 19 .011 3 .0304 

IS99 Richards, Collins , and Heimrod p9j , (3) 7 " 0.006 0.026 
1915 Richards and Anderegg [16] .. ' (3) 7 ' .014 1 .0070 

mean (weighted by number of experime nl s)c.d.f = O.O I02 ± 0.00l'4 
---

a Number refe rs to number of method J:,rive n in text. 
I.J Two additional experime nts gave abnormal ly high result s; th e sil ve r nitrate solution 

had been filtered through silver acetate . for two more experiments the d epos it was not 
heated to redness. 

c Gray gave no quant itat ive data an ~ merel y stat ed that " a plat e will ... be found 10 
lose s ligh tl y in weight if heated to red ness"; omitt ed from mean. 

d Heated 8 deposits to 240 °C only and 3 only to 400 °C; omitted from mean. 
t' Rosa, Vinal , and McDaniel [20] pre viously made some experim ent s on inclusions , 

but considered their result s inconclu sive. 
f As Hulett la ter pointed out thi s method gave uncerta in resu lt s because of the poss i

bilit y that some of the expe lled gases may have eome fro m the glass container ; omitted 
from mean. 

) 

\ 

)( Laird and Hulett made 20 measurements but de termi ned only water in firs t five d epos its . ~ 
h Richards, Colli ns, and Heimrod ori'ginaJl y reported 0.007 pe rcent but van Dijk [121' 

uncovered an e rror 111 thei r comput ations which when correc ted gave U,U06 percent lor 
the inclus ions : see a lso, Laird a nd Hulett [8] , 

i This becomes 0.01 19 un the prese ntl y (1967) accepted va lues for the atom ic weights 
of silver and chlorine. 

of these results concluded that the amount of inclu
sions varies from 0_006 to 0.016 percent and like 
Richards and Anderegg [16] s tated that there is \ j 
" little prospect at thi s time of findin g a universall y 
applicable correction for inclusions in silver deposits. " 
Although most of Richard's res ults are higher than 
those of others, they have bee n included in the mean 
value, give n in table 1. An unequivocal value for the 
uncertainty of the mean is difficult to arrive at but 
an uncertainty based on the standard deviation of the 
mean of all the 176 experimental data is considered 
as good as any other choice. 

The mean of data in table 1 is 0.0102 ± 0.0014 
percent. Accordingly, the denominator of the 
above equation must be multiplied by 1-0.000102 
(±0.000014) or 0.999898 ± 0.000014 , hence : 

I 

r 

(107.868 ± 0.001) (0.999835) 
F = (0.00111800)(0.999898 ± 0.000014) 

~( 

I 
= 96476.9 ±2.3 abs C g-equiv- I (1) 

Remy [1] used Richards and Anderegg's value of 
0.0155 percent for the inclusions obtained with 
co ulometers using roughened porous crucibles. 
Richards and Anderegg used the heating method to 

L 
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de termine th e a mount of inclusions. Although this 
hi gher va lu e for in clu sions leads to better agree ment 

? with s ubseque nt de terminations of th e F arad ay by 
othe r methods its selection over the others ca nn ot 
be jus tifi ed , a poste riori. If a single group of de te r
min at.i ons we re to be selected that of Vin a l and 
Bovard [17] , namely, 0.0040 percent, should be chosen 
s in ce it was arrived at b y the same procedures a nd in 
th e sa me laboratory where the Faraday was de te rmined 

f by silve r de position. 

2. Iodide Oxidation Method 

In 1916 Vinal and Bates [22,23 ] made a direc t co m
pari so n of th e silve r a nd iodin e coulom e te rs in the 
la boratori es of NBS. The silver coulometer was used 

.. to es ta bli sh the charge in international units and in 
6 of 10 experim e nts th e inte rn ationa l co ulombs were 
de termined direc tl y from th e duration of the run and 

> va lu es of s ta nd ard cell s a nd s ta nd a rd res is tors kn own 
in inte rn ational units. A weighted mea n of the 10 
expe rim ents gave 0.850176 ± 0.000009 for the ratio 
of th e weight of silver de pos ited to th e weight of 

1 iodine libe rated. A weighted mean of the 6 expe rim e nts l in whic h th e co ulombs were determin ed direc tl y in 
terms of t.h e duration of the run , th e s ta ndard cells, 
and standard res istors gave 1.315008 ± 0.000014 for 
the electroche mical equiva le nt of iodin e. In eac h 
case the uncertainty is based on a 95 pe rcent confi
de nce limit in te rms of the standard de vi a ti on of the 
mean value . Using the 1967 inte rn ational atomic weight 
of iodin e, 126.9044, the Faraday in absolute units is, 
in each case : 

(0_850176 ± 0.000009) (126. 9044) (0.999835) 
F = .00111800 

= 96487.7 ± 1.0 a bs C g-equiv- I , (2) 

/"' F = (126. 9044 ) (0. 999835) 
1.315008 ± 0.000014 

= 96488.7 ± 1.0 abs C g-equiv- I . (3) 

3. Oxalate Oxidation Method 
} 

In 1953, Craig and Hoffman [24] determined the 
Faraday in absolute units by the electrolytic oxidation 
of oxalate ions in aqueous solutions of sulfuric acid 
using gold electrodes. They obtained 96492 ± 3 for 
the Faraday using 67.007 for the equivale nt weight 
of sodium oxal ate based on th e internati onal che mical 
atomi c weights of 1950 [25 ] whe re th e un certa inty 

l> is pres umed to be a proba ble e rror. Usin g t.h e 1967 
, atomic weights th eir va lu e of th e Farada y beco mes : 

r (66.99975) 
F = (96492 ± 3) 67.007 

\. 
= 96 ,481.6 ± 3 .0 abs C g-equiv- I (4) 

I wh ere the seco nd pare nthes is encloses th e ratio of 

the 12C unifi ed equivale nt weight of Na t Cz0 4 to th at 
used b y Craig ana Hoffman. Re my [1] used a n in
correct correction factor in converting C ra ig a nd " 
Hoffman' s equivalent weight of Na t Ct 0 4 based on 
the 1950 international atomi c weights [25] to th e ItC 
unified scale. Furthermore, he converted the valu e 
from th e NBS (legal) 3 scale to the absolute value using 
the relation 1 NBS ampere = 1.000010 ± 0 .000005 
a bso lute a mperes [26] ; more on thi s point is given 
la te r. 

4. Omegatron Method 

Also in 1953 So mm er a nd Hipple re ported a value 
for th e Faraday from meas ure me nts made with the 
omegatron, a s pec ial type of cyclotron [27] , in whi ch 
protons are acce le rated to a max imum orbital radiu s 
of a bout. one centim eter. In thi s me thod a kn owledge 
of th e valu es of the proton res t mass 1.00727663(8)u, 
th e ra tio of the proton magneti c mome nt a nd the 
nuclear magne ton 2.79276(2), and the gy ro magneti c 
ratio of the proton 2.675192(7) X lOS rad 5 - 1 T- I 
are needed. Th e la tte r two valu es includ e correc ti ons 
for di a magne ti c effects prese nt in the ori gin al meas
ure me nt.s [28]. The valu es li sted above are the mos t 
recent ones [29] , a nd the numbers in pa re ntheses 
re prese nt the un certaint y in the las t dec im al. Us in g 
th ese valu es th e Farada y is : 

F = 1.00727663(8) X 2.675192(7) .108 

2.79276(2) . lO'l 

= 96487 .3 ± 0. 9absCg-eq ui v- l . (5)4 

5. Silver Dissolution Method 

Fin a lJ y, in 1960, C raig, Hoffm a n, La w, and Hame r 
[30] re ported a value for th e F arad ay based on the e lec
trolytic di ssolution of metallic silver in aqueou s solu
tions of perchloric acid. Their value corrected to the 
12C unifi ed scale of international atomic weights 
(107.868 for Ag, see footnote 2) is : 

F = 96485.4 ± 2.4 abs C g-equiv - I (6) 

w here the uncertainties are ove rall limits of e rror. 
(See footnote 6 given later. ) 

A summary of th ese s ix va lu es for the Faraday 
are give n in column 2 of tabl e 2. 

Durin g the late 1950's Dri scoll a nd C utkos ky [26] 
as a res ult of meas ure me nts with a c urre nt balance 
and a P elJat e lec trodyna mometer r e ported that: 

1 NBS a mpe re = 1.000010 

± 0.000005 absolute ampe res . (7) 5 

:I Th t! NBS (l egal) ampe re in the Unit ed Stat es is maint ained by the ra tio of the values of 
sta nda rd ce ll s a nd standa rd resis tors as maint a ined by the Na tio na l Bu reau of Standa rds. 

4 So mmer and Hipple r271 in their origina l pape r gave an uncert aint y of 3.0 C I!·equiv - I 

which was "estimated to be several times the probable e rro r"; the uncert a inties given he re 
are those cited b y Cohen and DuMond r291. Also see footnote I( of table 2. 

:; Th e NBS ampere is al so known in the Unite d S tat es as the legal a mpere and th t: above 
relation is a fin a l adjustment needed 10 bring the legal ampere to the theore ti cal or absolute 
MKSA unit s. 
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TABLE 2. Summary of values for the Faraday 

Silver depos itio n 
Iodide oxida tio n c . 

Me thod 

Iodide oxida tio n (\ . . . .. ... .. .. . .... , .. .. ....... . .... . 
Oxa lat e oxid ation 
o Illega l ron .... . . . ..... . ... . .... . . . . ..• .... 
Silver disso lutio n .. 
S ilver d isso luti o n e . . 
S il ver d issol uti o n e. r ................ . 

a Based on the rela tion 1 NBS arnpe re = 1.0000 12 absolute a mpere. 

Valu es 

U.S. legal basis Absolut e bas is I a 

(coulombs per grallHHllIivlIlerrr) 

96476.9 ± 2.3 (eq I ) 
96487.7 ± 1.0 (eq 2) 
96488.7 ± 1.0 (eq 3) 
96481.6 ± 3.0 (eq 4) 

'96487.3 ± 0.9 (eq 5) 
96485.4 ± 2.4 (eq 6) 
96485.4 ± 1.6 
96485.8 ± 1.6 

96478.1 ± 2.3 
96488.9 ± 1.0 
96489.9 ± 1.0 
96482.8 ± 3.0 
96486.1 ± 0.9 
96486.6 ± 2.4 
96486.6 ± 1.6 

'96487.0 + 1.6 

Absolut e bas is 2 b 

96478.0 ± 2.3 
96488.8 ± 1.0 
96489.8± 1. 0 
96482.7 ± 3.0 
96486.2±O.9 
96486.5 ± 2.4 
96486.5 ± 1.6 
96486.9 ± 1.6 

b Based on the relation 1 NBS arnpere = 1.000011 abso lute ampere. J 
c Based on the silve r/ iodin e weight ratio. 
d Based on coulombs used to liberate iodine. 
; Based onl y on the vacuum values of C raig. Hoffm an, Law, and Hamer [30J. . 

Using 107.8685 (see footnote 2) for the atomic weight of silver. 
10: The origin al value corrected for I2.C,Wlr/W,. in wate r"and for a new value for the gyrom agnetic ratio of the proton is 1.1 great e r than the v~l ue given here. 
1\ Value recommended by the National Acade my of Scie nces- National Researc h Cou ncill31]. 
1 Cohen and DuMond [28] by using an atomi c weight of 107.86827 ± 0.00030 obt ai ned %486.82 ± 0.66. They based their atomic weight on the nucl idic mass values for the two isotopes 

of sil ve r given by Everling, Kuni g, Matt auch, and Wapstra [34] . a weighted mean of the abundance ratios dete rmined by S hie lds . C raig. and Dibeler [51, a nd Shields , Carner, and Dibele r 
135], and a valu e of 1.11 79722 ± 0.0000070 mg C - I fo r the elec troche mical equivalent of s ilver based 0 11 the NBS result s. 

The unce rtainty, here given, is a "50 percent error" 
as cited by the authors. In these measurements they 
used a value for gravity 17 ppm lower than that de
rived from Potsdam. Later studies showed that 
- 13 ppm was a better correction to the value derived 
from Potsdam. Using this correction: 

1 NBS ampere = 1.000012 

± 0.000005 .<tbsolute amperes. (8) 

This was the correction accepted and used by the 
Committee of the National Academ y of Sciences
National Research Council which in 1963 iss ued a 
consistent set of physical constants [31). Using this 
factor, accepting the value of the Faraday as given by 
the silver-dissolution method (equation 6 above) 
and acce pting the unrounded value of the atomic 
weight of silver as determined by Shields, Craig, 
and Dib eJer [5], namely 107.8685 ± 0.0013 on I~C 
scale, the NAS-NRC committee recommended : 

F= 96487.0 ± 1.6 abs C mol - I (9) 

for the Faraday.6 
If the internationally recommended value for the 

atomic weight of silver, namely, 107.868 ± 0.001 is 
used, the value In equation 9 becomes 96486.6 abs 
C mol - I. 

In column 3 of table 2 are listed the values all 
con verted to the absolute base using the relation of 
equation 8. The conversion factor from NBS (legal) 
to absolute units is assumed to apply throughout. 
Thi s assumption is consistent with the known stability 
of s tandard resistors [32, 3] and standard cells [33] 
used to define the NBS (legal) ampere. A value given 
by Cohe n and DuMond is di scussed in footnote i of 
table 2. 

6Th e Ni\'S- NRC comm itt ee actua ll y accepted onl y the vacuu m values of C raig, Hoffman, 
el a l. [30]. i.e., resu lt s obtained with s ilver melted in vacuo. The mean of these, howe ver, 
agreed with the total mea n of these au thors but the vacuu m va lues showed less spread. 
thu s the lower unce rtaint y given in equat ion 9. The NAS- NRC committee also defin ed 
the Faraday in terms of a mole of electrons or singly charged ions. 

In 1966- 68, Tate [36 ,37] re ported on a ne w determi
nation of acceleration due to gravity at the National 
Bureau of Standards. He gave 980.1018 c m/s 2 for \ 
absolute gravity from which a value of 980.0834 cm/s 2 

is derived for the pier si te at the old location of NBS 
in Washington, D.C., where the absolute current 
measure ments are performed. Thj s value leads to 

1 NBS ampere = 1.oooon 

± 0.000005 absolute amperes. (10) 

The values in the last column of table 2 were obtained 
from this relation. Thi s conversion factor is the same 
as the one given by T errien [32] of the International 
Bureau on Weights and Measures. 7 

Since the apparent correction for the acceleration 
due to gravity and the uncertaint y in the correction 
for the relation between the NBS and absolute ampere 
are of the order of 1 ppm, the value of the Faraday 
presently recommended by the National Academy of 
Sciences - National Research Council (underscored I' 
value in column 3 of table 2) should be retained. 

The author wishes to acknowledge that Footnote 7 
contained in thi s paper was submitted by Dr. Forest 
K. Harris. His con tribution is grate fully appreciated. 

7 A new ampere dete rmination , using a Pellat dynamometer, has just been co mpleted 
at NBS by Drisco ll and Olsen, but has not ye t been publis!le d. Prior to this determination . 
a number of modifications were made on the dynamometer to improve its performance. 
and the resulting value is in better ag reeme nt with the va lue published in 1958 by Driscoll 
a nd Cut kosky, using the NBS C urrent Balance. Accepting the value of gravit y used for the .~ 
ampe re det erminations reported in 1958, and taking the mean of the 1958 NBS current \; 
balance determination and the 1968 Pell at dynamometer determination, one may say that 

) NBS ampere = 1.000009 ±0.OOOO05 abso lute a mperes. 

If one uses Tat e' s value of gravity [36, 37] rather than the Dryden red uction (17 ppm below 
Potsdam), one would say that 

1 NBS ampere= 1.000010 ± 0.000005 absolute am peres. 

It seems likely that this laller value must be considered together with that reported by 
Vigoureux in 1965 [38]. before the Advisory Committ ee for Electri c it y of the Int ernational '\ 
Com mittee of Weights and Measures makes a final recommendation on the value to be 
adop ted. 
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