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THERMODYNAMIC FUNCTIONS FOR SPECIES IN LIQUID AMMONTA:
William L, Jolly

Radiation Laboratory, Department of Chemistry
University of California, Berkeley, California

ABSTRACT
The heats and free energies of forma.tion and entropies for various
species in liquid ammonia at 25° have been caleulated from data in the

literature.‘ The detailed ealculations » as well as a table of oxidation

potentials, are présented.
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THERMODYNAMIG FUNGTIONS, FOR,SPECIES- IN LIQUID. AMMONIA
Willdam L, Jolly -

T

Radiation Laboratory, Department of Chemistry
Univers1ty of California, Berkeley, California

May, 1953
L, JIntroduction. N

The purpose of this compilation is to extend and revise prev1ous
similar compilations®i9 of the thermodynamic furictions (AH° Arg and
S°) for species in liquid ammonia.v The reader is referred to these
prev1ous publications for a general discussion of the methods of cal-
culation° The functions have been calculated mainly from experimental
data the various approximations which have been made are discussed in
the following four paragraphs. R o - -

(1) Estimated act1v1tx coefficients. The only salts whose
act1v1ty coefficients have been measured in liquid ammonia at 25° are
ammonium chloride38 and potassium iodate.li Sedlet-and D‘eVries42
determined the act1v1ty coefficients for NaCl and KCl at -36° and
Pleskov and M’onoszonB4 determined the activ1ty coefficients for NH4N03
and NHACl at -50° : Even though these measurements were made at greatly
different temperatures, all the activity coefficients agree w1thin 50%
below O, Ol molal and w1th1n 200% below 1.0 molal, " It is’ therefore
felt that, in those cases where activity coefficients have been estl—m'
mated for solutions of ionic strength less than l O molal, errors of'r
no more than 1-2 keal,/mole are made. In the cases of NHANOB, NHABr
and NHAI, ‘relative activity coefficients have been measured for the |

saturated solutions and for concentrations down to about 0.3 molal.sl

3
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These activity coefficients have been put on an absolute scale using the “.7
graphical method of Randall and Vietti,37 (This method has been de~ )
seribed by Latimer?’), |

(2) Est;ggted entropies, In cases where the heats of formation of
solid compounds are known, but no entropy data are awvailable to calcu-
late the free energies of formation, the method of Latimer28 has been
used to estimate the entropies,

(3) Heat capacities, It has been assumed that heats and en-
tropies of reactiop are independent of temperature. Some idea_of the
accuracy of this essuﬁption can be gained from the work of Chall and
Doepke.é These 1nvest1gaters measured the heat of solution of sodium
chloride in ammonia at 20° and found AH = -2.7 keal ./mole. This is
to be compared with AH = -5.5 keal./mole calculated from data ob-
tained at -33° (cf Table I) and AH = -1,5 keal /mole measured
dlrectly at —33° The discrepancy between the 1ast two values must
be explained by experimental inaccuracles and neglect_of heats of
‘dilution. It is apparent that we-ceﬁnot calculate the sign of AGP
for the disselution of sodium chloride, but at least we can say that
the absolute magnitude of AGy is probably not greater than 50 cal,/
dege o |
| (4) Simp' licity of reactions. In cases of certain liquid am-
‘monia eolutions'(e.g.; solutions of dipositive metal salts and
solutions of éolyaplnmbide, poly-telluride, etc,) where the ions
probably are considerably ammonolyzed‘or associated as ion-paire,
overusimpiifiedvequations‘have been taken to represent certain‘calori—
metric reactiope, Such aetion'is Jjustified only by the convenience ' -

in tabulation of the heats of formation, | .
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The thermodynamic fﬁnctions are tabulated in Table I, The free
energies have been used to calculate cx1dation potentlals, and these
are presented in Table II. i _
In Section II, heats and free energies of formation are taken,
when possible, fromﬂﬁlchowsky and Rossini or the Bureau of Standards

compilatlon.B;
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Table I

Thermodynamic Functions at 298K,

HO

c1=
Clo

NH,,OH
Guanidinium ion
SCN™
PbH++

Pb9
T1*
Zn++

Hg++

o]
AHp

“'Ecal,[moié |

o

~65,7
~47 7
=590
=453

-27,8
-29.7
-77.6
-16.1

10,1
-246
-20,0
-11,8

21,0
64,

4542

o
AFf

0

- =80,8
=441

- =177

=39.9

"4202

~42.8
- 2.7
- 2,7

13

5.7
=25
31

kCal.[molev..

UCRI~-2201

‘_'3003
15
. -3003

2447
2447

11

35
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. K=K +¢e"

AHZ OFQ 5o
kealg/mole keal, /mole e,u,
gt - 26 175 23
Ma* ¥ ) 26 ..
B, . -15.7
Ccatt . <100,0 -100 .-21
w9 -5, 8
Nt -38.1 (.-'43.6 15,1
kY | .; o =A0.5 4740 21,4
Rb* -39 47,5 29
os* 40,5 829
1/28,7 (am) 4045 Ahido 2
e~ (am) 4305
. Table II _ .
9xiggtion‘Poﬁentials (228°Kq)'
o
'~$"volts}
CLi=Lit+ e 2.34
Ca = Ca*t + 20™ 2,17
Cs = Cs* + e~ 2,08
- \ Rb = Rb* + e~ 2,06
2,04
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Table II
(Page 2)

- Oxidation Potentials (298°K,)

o 1/232_‘ = 8"

" Na = Nat + e~ v

1/2 H, + N, = NH, +‘e.

BNH2 = 1/2N, + 2, +'3§'

1/2 Hy + NHg (3.6 x 107M4M) = NH, + &7
1/2 Hy = B (3.6 x 1071) + o

; ",3NH2—(3.‘6 x 10~L4m) - '1/2 N, + 2H, + 3¢~

3

i ='1/2 N, + 3H*(3.6 x 10~141) + 36” |

Ma = Ma*t + 20

-+ -
+ 2e

‘Zn =.Zn*
1/2 H2 = H* + e~

= + -
Wy = 1/2 N, ¢ Y+ 36T

T

- _T'1+' + e'; '»
Pb = Pb** + 2¢~
Hg = Hg™ + 2e= -
Ag = Ag+-¥ e .
L T= 1/2 I, +e”
LBt = 1/2 Br, + e~
= 1/2 Cl, + e~

UFT = 1/2 Fp + &~

N s S Nt N ne?

UCRI~2201

EQ

{volts)
1.93
1.89
1.59
1.55

0980

0.76

56
54

-0.04
-0,25
-0,28
0,67
~-0.76
-1,26
-1,73

S 1,91
23,50
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;II, Calculgtions- -

AHS'=”heat of solution in ammonia,
AHf = heat of formation from elementsliﬁ standard state,
"AFé = stenderd:free energy.of_solu&ion;in_ammonia,

= free energy of formation from elements in standard state
(298°K, ),

"
i

S = solubillty in liquld atimonia (moles per kilogram of
ammonia), and

LY = mean‘activityﬂcoefﬁicient'fop saturated solution, .

All energies are given in kilocalories per .mole, -

H*: By conventlon we take AHf = AF =0 for the hydrogen 1on.
H.0:  For ice, AH = -1, g2 Hf -69.8 and therefore AHf

~71,6 for water in liquid ammonia.'& ' T
Fluorlne o ‘ ” » N

-129.3 and S = 0.083. 15

F' For sodlum fluorlde at 25° f

II""

Estlmating Y = 0. 2 e calculate AF 4 9. Using AF (Na+)
=43.6, we calculate AFfCF') = —80 8 | -

Chlorine ' i' -
¢1™: For ammonium chloride, AH (cﬂﬂ ; -6, 839 and AH = -75 O.

Usmg AHf(NHlP ) = -16 1, we calcula‘be AHf(cr') -65 7.

for ammonicm chloride at 25°, AFp = ~48.7, 8 = 24,4, and
v = 0,008222% 4R =1.90. Using AFp(NE,*) = 22,7, we calculate
OF,(C17) = -44.1.

(From_the vapor presspre'daﬁa-of.Fowlesﬁand,Pollardlz on
NHACl . BNH3 we celculate:that the,splid'pheee;iﬁgeqﬁilibrium;

with the saturated solution at 25° is NHACl. This is confirmed
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by the data of Kendall and Davidson.?%) o
€10,7: - For sodium chlorate, AHg = -2.22? and 0H, = -83,6. Using

bHp(Na*) = =381, we caloulate OH,(CI0,7) = ~47.7.

For potassium chlorate at 25°, AF, = <69.3 and S = 0.206.16
‘Estimating v = 0,1, we calcblaté AFg = 4.6, Using AF, (k%) =
~47.0, We calculate AFf(cloBf) ; -17.7. |

Bromine:
Br~: For ammonium bromide, 8H, (00) = -10.53 9 and bH, = -64 6,
Using AH f(NH'A ) = -16,1, we calculate AHf(Br ) = =59,0,

For AgBr « 3NHz at 25°, AFp = ;35.051_" and § = .315,16
Estimating v = 085, ve caloulate OF, = 4.3, Using AF,(Ag") =
17.5, we calculate AFp(Br™) = -40.1, A .

From the data of Bii!.tz,3 we calcuia.te that KBr is not _
amoniated at 25°, For KBr at 25°, AF = -90.6 and § = 1 135,15
Est:.matlng Y = ..030,'we galgulgte,AFs = 4,0, Using AFf(K+) =
~47.0, ve caleulate AFp(Br™) = ~40.1.

NH,Br is not ammoniated at 25°, = For NHABr at 25° S

4 S
2he 8 From the data of Larsen and Hunt, we estimate Y = .052,
hence AF = =0,3. For NHABr, AHf = -64.6 and we estimate the '
entropy as 26.9, so 0Fp = -41.8, Usmg AFf(NH +) = -2.7, we
calculate AFg(Br™) = -39.4.

" For AFf(Br") we shall use the average value ;39.9.

Zodine:

I For WH,I, A, (00) = -13,0°7 and 4H, = -48.4. Using
OH (MH,*) = ~16,1, e caleulate AHp(I7) = -45.3.

o : L : B :
5 . v L)
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At 25° NHAI is not ammoniated 2%, S.= 25.4 for. NHAI 164

From the data of Larsen and Hunt 26 we estlmate Y = 63, hence

AFS = -3.3. For N34I, we estimate an entropy of 28, 5, s0
AF, =-=27.2. ~Usmg~AFf(NH4?‘) =7-2,7, we calculate AFf(I') -
-27;8.‘”‘ O A S A T T

v

From some unpublishéé“&éﬁa:ofuJoii&rdhhfhéhﬁaﬁbr'ﬁréssurés
of‘KI:équtibﬁé’aéJdég'ﬁeﬁcilcﬁiété'the.fféé éﬁéré&léf”sblution
“of KI at-0° to be AF ‘2 0480 Takiﬁg AH’ ei:é'9,'w666§i¢ﬁléﬁé
AF 4(25°) = =0,2; Sincé “for KI, AFf = -77.0 and AFf(K+) -47 0,
we caleulate AF4(I7) = 230,82, ¢ s e R e
For AF4(I7), e dhall use the aﬁ#é’:’-é“gé valie '-fz'é".”
393': For pota351um iodate at 25°* EFf = —101.7, S = 3 044 xm
107 =5 and ¥ = 0 891, hence AFy, = 12.5, , Using AF,(K7) = ~47.0,
we calculate AFf(IO ), _,-42.2.

Selenium:

R S AT

Se,7: MM = -100,0% for the reaction.. . ..

32— + 289 -_= Se‘z.-

Using AR, (1/2 e ') = 40.5, we calculate 0H,(Se,") = -19.0,
Tellurium: ) | N
Te =: The heats for the following reactlons have. been measured

2
by Kraus and Rldderhof.z?'

2Na™* + e,” +Te = NazTe oo DH = -8649.
NajTe + Te = 2Na* + Te,~  OH = -21,9

From these data ﬁé~ca1éﬁiéﬁé'ﬁﬁ <Té’=)*=’;27;s. =

Te,™: AH = -1, 9°2 for ‘the reaction

T62= + 2Te = T64=0

We calculate AHf(Tg4=) = «29.7.
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Nitrogen:

NO,™: For sodiun nitrate, MM (00) = ~4.040 and AHp = -111.7.

Using A (Ne+) = -38.1, ve caleulate 4H,(NO,") = -77.6. '

| ’ 1
For potassium nitrate at 25°, AFp = -94,0 and S = 1.03..5

Estimating v = 048, we calculate AF, = 3.6, Using AFp(K+) =
'-47.0, we calculate A:Ff(NOB‘) = «43ehe :
~ For ammonium nitrate at 250,'AHf = ~87,3 and we estimate
the entr§py as 35,6, so OF, = -43.7. At 25°, S = 48,9 and from
the data}of Larsen and‘Hunt26 we estimate ¥ = ,056, hence AF, =
-1.2, Usiné AFf(NH;) = -2.7, we calculate AF:f(NOB-‘) = =42.2,
For AFf(NOBf) ve shall use the average value 742.8,

. 2
M, 0Hp(1liquid NHg) = ~16,07,

‘Ffom_KelléyQO we calculate the free energy of vapéfizatién
of liquid ammonia at 25° to be -1'.3.' For wammonia éés at 259,
AFf = =40, so AFp for liquid NH3 is =-2.7. Ar
ﬂ§4+: We arbitrarily take SH = AF =0 for ﬂhe reaction
T I
S AH = -26,1% for the reaction H* + N, = NHy; this leads
to AHf(NHz")' = 10,0, | |
For potassium amide, BH, = 42.630 and AH, = -28,3, Using
Mp(K+) = 40,5, we calculate AHp(VH,”) = 10,2,

For AHf(NHZ“) we ‘shall use the'average value 10,1,

We make the assumption that both NaNH2 and KNH2 are un-.

e = =283 .far-zg\mz, A, = ~-28,3.

Estimating the entropies to be 13,5 and 15, respectively, we

ammoniated at 25°, For NaNH,, AH
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calculate AFf = 412,7 and -12,1, fespectivély.

For sodium amide at  25°, the solubilitieé'S‘ O. 00103,16

. and § = 0.0436,43 have been reported. " We shall use a value

S ='.0l, Estimting Y = .45, we caleulate 4F, = 6.4 Using

‘AF (Na*) = 43,64 we calculate AF}(NH h') 37,3

16

For potassium amide at 25°, S = 0,65, Estimating vy =

0.05, we.calculate AF = 4. - Using AF%(K+) = =47,0, we calculate
AFf(NH2 )= 39000

At -50°, OF° = 33.4 for
4 _1s

AP

Using AH = . 26,1 for the same reaction, we ¢alculate AFC = 35,85

NHg = H+ + NH,

at 25°, corresponding to AFf(NH2 ) = 33.2,

The large diserepancy between the solubility free energies

- gnd the cell free'énergy may possibly'be due to ammoniate forma-

tion or to incorrect solubllity data Vaughn Vogt and Nieuw-
land44 have p01nted out that the solubillty data of Hunt and
Boneyk may be low because the latter used commer01a1 sodamlde.
Vaughn, Vogt and Nieuwland found S= at -33°

Giving more weight to the cell data, we take AFf(NH “) e

‘ll

NHOH: For hydro:quammonium chlor::.de, 6H, = -16,330 and AHf

=740, We presume the net reaction for the dlssolution to be:
NHOH + HCL = NHZOH +EY + 01T,
Using AHf_(cl’) = =657, we calculate AH, = -24.6 for hydroxy-

lamine in liquid ammonia,

Sarbon:

Guanidinium ion: Guanidine is a much stronger base than .

ammonia and so ammonis solutions of guanidinium salts are
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probably very little ammonolyzed. For guanidinium nitrate,

AH; = =5,5%0 and AHg = -92.1, Using AHf(NOB“) = =77.6, we

calculate AHp(GH') = -20,.0. o

§QE-: ~ For ammonium thiocyanate, AHQ;&xﬂ~= —9.730 end‘AHf‘e

-18,2, Using AHf(NEAf)_='§16’15 we celculate'AH%(SGNf)le -11.8.

Pb**: For lead iodide, AH = -27.0%%, -29.1%%; We shall .
assume AH_ = -29; taking AH, = 41,8, we calculate.AHf(Pb++)
= 20,

23

For lead bromide, AH, = ~29.8" and AH = -66.3, Using

- 8Hp(Br™) = -59,0, we calculate AHq(Pb**) = 21.9.
Por lead nitrate, AH_ = +26.922 and OH,
8Hp(NO5~ ) = =77.6, we. calcuhate BH, (Pb++) = 21ubs

= =106,9, Using

. We shellvtake the value 21,0 for AH,(Pb++).

At’—50° the standard potentlal of the lead electrode
(vs; the hyﬂrogen electrode) is -0 BBV.36 | Us1ng AH (Pb++)
= 21 0, we correct this to —O 28 Ve at 25° This potential

corresponds to AFf(Pb++) = 13,
23

'Pbg'“" “= -88.0 for the reaction

4Na + 9Pb ANa + Pb9

Uéiﬁg&AHEXNarjae -38,1, we calculate AHf(Pb9 ) = 64.
Thallium: 4' | ’

,+"

71*: Thallous chloride is unammoniated at 25°, For TIC1

at 25% AF, = ~44.2 and S = 0.,025910, Egtimating v = 0.3,
we caloulate AFg = 5,8, Using AF,(C17) = -44.1, we caloulate

AP, (T1+) - 5.7,
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B
b
e

++ - 1‘-\."’-
za__: For ZnI, 6NH3 at 259, § = 0, 003116 and AFf =<-llo.45.

Estimating ¥ = 0.45, we. calculate 6Fy 10.9. Using AFf(I') = -29,
we calculate AFf(Zn++) = -25. | .
___MMGI‘C . S o - .
- __g_; For mercurlc iodide, AH = =20, l39 a.nd AHf ; _-25 3. »
U31ng BH, (I‘) —»-45 3, we calculate AHf(Hg++) = 45 2. |

At -50°, the standard potential of the'meréury electrode

(vs, the hydrogen electrode) is -0,75 v 6

Using AHf(Hg++) =
452, we correct this to -0,67 v, at 25°, 'This potential
corresponds to AFf(Hg-!--Fz)., =31, .

Silver:

Ags: For silvér bromids, MMy = -5.3%4 and AHp. = -23.8. Using
AHf(Brf') = =59,0, we: caleulate. AHf(Ag-f-_) = 29,9 i

For silver iodide, AH_ = #7.4, 14 +6,723 and AR, = -14.9.
Using AH_ = ~7,0 and BH(I7) = ~45,3; we calculate AHg(Ag+) =
23.4s » o . |

For silver nltra.te, AH = -21.4.22 and AHf —29.4. Using
AHf(No “) = -77 6 we calculate 3 Ag+) = 26 8. ; ’

= -51,2 for the reactlon Ag + 1/2 e Ag.lz* From |

this we calculate AH (Ag+) = 10.7. L | |

26.

LS

We shall use AH (Ag+)

For AgCl * 3WHy at 25°, OF, = -39,4* and § = ,058,16

: ' Es:timating-fr = o24, we.calculate AF g = ‘ 5.lj and AFf(Ang) = 17.9.

‘At ~50°, the stdndard potential of the silver electrode

. ‘ _ s 36

(vs. the hydrogen eléctrode) is ~0.83 v. Using AHf(Ag+) =
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we correct this to -0,74 v. at 25° and AFf(Ag+) = 16.8,
We shall use AFp(Ag+) = 17.5.

Manganese: '. -
Mo+t For MnIz, Blchowslq and Rossiniz give AHf 42;9.8 and the
Bureau of Standards! gives AH, = ~59.3, Using O, = ~49.8, ve
estinste 0Fy = ~50.4. Using the data of Biltz? we calculate, for
MaI, * 6NHg, OFp = -113.4.. For Mn12 . 6NH3 at 25° S = 40006,16
Estimating v = 0.7, we calculate AF = 13,0, Using AF (I“) = ~29,
we calculate AF,(Mn++) = -26,

Boron: .

- : . - 38a
BE) s For .NaBH,, 0y = -43.8 and AHy = =10,

Using AH f(Na+)’
= -38.1, ve caloulate MMp(BH ™) =-15.7, -
-Calecium:
Ca+t: OH = -99;?4 5 ‘for the rea.ction C‘a.( g) * H+ = Cat++ + HZ’(g )e
For calcium iddide, AH,-S-"’(&) = ---62.81P 5 and AHp = -128,5,
Using AHf(,I") = =45,3, we calc‘ulate\ 0Hp(Ca++) = ~100.7,

~We shall use AHp(Ga++) = -100,0,

At 0°, the solubllity of CaBr, °® SNH3 is S = .,0004_5.29

Estimating Y= .75, we calculate AF (00) 12 26 " From the data
of Hart and Partington13 we' calcu]ate AHp = -352 '7 for CaBr, *
8NH3, ‘hence AH = 6.6 and AF (25°) = 12.8. Using T, = ' -211.8
for CaBr, ° 8NH3 and AFf(Br ) = -39.9, we: ca.lculate |
AFf(0a++) = -97.6. | |

| The data of Hut‘tig -on the dissociation pressure.of
are somewhat inconsistent, but we calculate from

3.
his data that the octarmmoniate is the stable solid phase in a

29
~ saturated Caly solution at both 0° and 25°, At 09, § = 136,
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Estimating Y = oi070, we calculate AFS(O°) = 6.8, _From the data of
Huttig we caleulate AH, = 9.0 and AF,(25°) = 6.6, . Since OF, = -191.1
for CGalp + 8NHj and AF,(T7) = =29, we caleulate OF,(Ca++) = ~104.9.
At -50°, the standard potential of the calcium electrode (vs.
the hydrogen electrode) has been measured as 1.64 v. - U31ng
AH (Cat++) = -100, we carrect this to 1.46 Ve at 25° and. AFf(Ca++)
= -67.4. No explanatlon is offered for the discrepancy between
thls value and the solubllity values,
We shall use AFp(Ca++) = -100,
Lithium: ' |
Lit: For lithiun lodide, 0B, = -18.1°7 and ORg = -65.1, Using
MHp(T7) = ~45.3, we caleulate 8Ha(Li+) = -37.9."
For lithium bromide, AH = -19.7°7 and’ 0Hp = _83.8. Using
AHp(Br~) = =59,0, we calculate AHf(Li4)'= ~Lha5e
For lithium nitrate, AHg = -10,8%> and MHp = -115.4. Using
Hp(N0,7) = =776y we calculate AHp(Li+) = -48.6.
AH = -9,657 for 11 = Li* + 1/2 e,", Using AHf(l/Z e2—)
- 40,5, we calculate AHp(Li+) = -50.1, -

We shall use AHf(Li+)'e?#A9;"

For LiCl ~'5u33f5t 05; S = 0.342.29 Estimating Y = ,075,

we calculate AF (O°) 3.96., From the data of Hart and Partlnﬁton13
we calculate AHp = =202,6 for Llle- 5NH3, hence AHg = 7.4, This
is iu feasonable agreement with the heat calculated frou the
temperature coefficient of theasolubllity'(éHS = 5.5). Ve

caleulate AF_(25°) = 3.65 and AFp(Li+) = -55.3.
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At -50°, the standard potential of the lithium electrode
(vs. the hydrogén‘eleétfode) is 2,24 v.2? Using A:»'zf(Li';?)"=' 49,
" we .correct this to 2,28 v, at 25° énd AFp(Li+) = -52 54
We shall use AFf(L1+) = -54°
Na+: ForISOdium bromide, AH,(e0) = -10,4% ahd'AHf = -86,7. Using
" AHp(BrT) = -59,0, wé caloulats AH,(Na+) = -3.1. o
For sodium chloride at 25°, AFp = —91,8 and S =.0,52,1%
Estimating v =.0.06, we calculate AF, = 4.2, Using AFp(Cl™) =
~44.1, we calculate AFp(Nat+) = =43.5. o
. At -50°, the.standard potential of the, sodium electrode (ys.
the hydrogenhelecfrode) is 1.84 v.3§’tUsing A (Na+) = -38.1, we
correct this to 1.90 Vo at 25° and AFf(Na+) = 43,8,
We shall use AFT(Na+) —_-43.6.
Potassiwm: . .. .~ . e L
K+: For potassiﬁm thiocyanate, AHg (09) = —4.830 and AHp = -47.4.
AUs:Lng AH, (SCN") = -11.8, we calculate AHf(K+) = =40 ke
For potassiun nitrate, AH - 0423 and 8Hp = -118,1, Using
AHf(NO ") = =77.6, we calculate AHf(K+) = =40,1,
For potassium bromide, AHS = =2 9 and 0Hp = -94.1. Using
8, (Br™) = ~59.0, ve calculate sRg(s) = -38.0. -
For potassium 1odide, AHSQ!7) = -7,8%0 (ﬁhis"is to be‘compared.
with 0Hg = -5, 923) and AHf = —78.9. Using AH, (I-) = —45 3, we
calculate AH (K+) = -41,4, .

We shall use‘AHf(K+) = =40,54
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ffo;‘ potassium chloride at 25°, AFg = -97.,6 and § = L0054,
Estimeting Y_:,O.5551We eelenlate,AE eﬁ@;9‘end:AFi(K+) = 46,64
5 A¢ -50° the standard potentlal of the potassium.electrode
(vs. the hydrogen electrode) is 1.98 v.36 - Using AH fKKt) = =40.5,
we correct this to 2.055 v, at 25° and AFf(K+) = ~4The - .
‘We shall use AFp(K+) = =470, .. -~ . oo 7
| Rubidieﬁ: “>' ' e ’. . e |
Rb': For rubldium bromlde, AH J=’ 439 .and AHf = -95.8, Using
SH,(Br-) = =59.0, we calculate AHf(Rb+) = =372, >
For rubidium metal, AH_ =041, hich yields MH,(Rb+) = -40.5.

We shall use AHf(Rb+)'; -39 - .

We shall assume thd€’rubidiﬁﬁ chiefide“is uneﬁhenieted at
0°. For RECL at 0% § .= 0 .024.%%. Estimating v = 0.3, we

calculate AFg (oo) = .4.: Using AHj = 0.4, We calculate AFg

(25°) = 5.9, Using AFp =.-98.57 for BbCI, we caloulate ATy
(Rb+) = —48.5. . . . . |

. ;Ax -50° the standard potentlal of. the rubldlum electrode
(vs. the hydrogen electrode) is 1.93 v.32 Ue%ngcAHf(Rb+)ﬁ? *39,
we correct this o 2,01 v, at.25° and AFp(Rb) = 46uhs
o, sha1l use 8R(Ebt) = 47,5,
soniam s

Cs+: For cesium metal, AHS = 0;41 hence AHf(Cs+) = =40.5.

We assume that cesium chloride is uneﬁmeniafediet‘Oé.'
For CsCl at 0°, S = 0.023.29 Estimating v = 0.3, we calculate
5F,(0°) = 5.4, Using BH, = 0.1, we calculate AF4(25°) = 5.9,

Using AF, = =99.45 for CsCl, we calculate AFp(Cs+) = ~49.4.
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' At -50°, the standard potential of the cesium electrode
(vs. thé-hyﬂrogen electrode)‘isll.95'v;33‘ Using AH (Cé+) =‘"
-40,5, we correct this to 2,02 v, at 250 and AF, (Cs+) = -46 5.
We shall use AFf(Cs+) = =48, ‘
Electron: |
1/2 e,": Coulter and,PhyburyS give M = .'[0.4 as the mean of
several determinations for the reaction

1/2 H =1/2 32 « g,

2(g )
AH = 0”541 for the reaction -
K=K+ 1/2'92=9

yielding AHg(1/2 e2=)‘ = 40,5,
We shall use A.Hf(.]:./z, ©,%) = 40.5.

Laitinen and Nyman 25 have measured the standard potentlal

of the "electron electrode™ in liquid ammonla at -36°, The

average of ‘their reported values is E° = 1.89 v. for 1/2 32

+ H = 1/2 Hz( ye Using our value for the heat of formation
of the ammoniacal electron pair, we correct thls to E° = 1.93 v,

'-at 250 and AFf(l/Z e ) £ Lhohe

g:: Coulter and Cande1a7 ‘measured the heat of solution of

potassium to extreme dilution., From the heat of dilution,

they caleulate 0H = 6 for the process
ezg'% 26",

yielding AH, (e7) = 43.5.
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