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' The Ruight Bhift of &33 and a"“ in ¢
measured over ‘&ae ‘&exngem%m iaﬁeml. -33 to +8§% an@. &n the ebneeaw

. mtion raage aomspon&mg to mole ratio 5.7 te 700 (ma per Na).

The results in the dilute reglom, R > 300, were :'mtérpmteﬁ in terms
- of the equilibriwm ems‘ﬁantsi(lan&ﬁg mam maetilons '
 Ka(am) = Ha"(an) + e (en) and Falan) = 1/2 Ha (an).

The effective Knight Shifts, %, for Eaa‘a in x@a(m) and kl for N‘w 140 {an)

vere found to be | - |
By = (0,038 3 001) T ana k) = (13.5 + bk,
The neasured standard entml.pyaaﬂ exm'apy of seaction for t‘hedmm:’m-
tion and the .dimz‘iz’a#iéﬁ squtlibria ave respestively, aE(298%) X 6.6

end A = -7.3 & 1 keal/ole and ASN(296°) ¥ -3k mmg a2l 3
 calfdeg mole, The change fa enthalpy for the mwmm eauimﬂim wag

temperature depandan% and Mcahed that a Jar@ mgaﬁtva aha:z@ in h&at
capacity scconpanied the reaction. The clectron donsitics st the 23
aucleus were m (123) - <OTL &, 3far t.m concentmteﬁ (Rn.s 7) mas.me
solutions (R = 300), mapmtiveag.
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The study of the electrmgnetic properﬁies of the alkall and alkaline ’
earths in liquid amonia bas - aupplied a8 great ﬂeal of infomtion abmut tne
chemical nature of these solutions. As a result of conductivity masmmm, .

= :.'_: "iﬁ'aus has propaaed t.hat. tbere em.et, pmsent in solutian, solmted atomey.

(1) Kraus, C¢ Asy 7. Am. Chem: Soc. 43, 7&9 (1931), for veview work alao

o>

fa

Bee Kraua, e. A., Js Chon. mucatmngg, 83 (1.953)

positive ions and elsctrons. The presance of pmgnetie spee;tea was 1ndeed .

verified by Hus*bere and Freed and sugamn3 from the statie magastic suaaep-

' (2) Etmter, E‘o‘; ‘.AMG PEWBAKQ:&, m (1938)-

(3) Preed, 8. and H. Sugarman, J. Chem. Phys. 11, 354 (2963)

tibility, x, and by Hutchison and Pastor® from he ppupas

i @etiﬁ&bmx@ﬁi@h by

&) Hntchison, C. A, Jr. ani R, ¢, ?astor, J. Chem. Phys. 21, 1959 (1953)

ﬁeana of BSR. The main ﬁoﬁelue‘ians fo be dravn i’fbm thwe masmmenw are:

a) the mgmtie gusceptibility of the metal 1n ammia solution Msa a}m\:ya
below the expected Curie value vhich is approached ascymtotically only as the
dilution increases to :Lnﬁnity and b) (‘»he bWy Wn@emme éependence of % 15
ot cbeyed. Becker, Lindquist and Alder’ explatnea ‘these results by a.ammng .

(5) Becker., Eo,‘ R. H. Limuiﬂt a.ndB. J‘n.may Jt G&m- Ph)’ﬂp &, 9?1 (1956)-

the existerce of four 4ifferent species, solvated metal dimers, atoms ond posi-
tive fons and electrong in the dilute solutions, and then procecded to evaluate

the chemical equilibrium constants for the dissociation and dimeritstion of the
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solvated metals atoms or‘m:;;mméij‘é' from :ﬁh@ ESR datas mmse maé"bﬁma Ry
be written .
| m(m)«naa(am)w(m) I ()
ﬁa{am) e 3 Naa(em) o S B | (2)

with the eombined macti.on , ' ,
-Ha(am)=§a(am)+e(am) S o (3)

) where the mspective equilibrium donstants are Kl’ K and KB The I{nigh‘é Shift

(KS) dats of McConnell and Holm6 for the Kazs«-nl Ka selutions at rosn tempera‘bum

' (6) MoConnell and C. H. Holm, J.vChem‘ Soc. 26, 1517 (1957).

in the concentration range R @ 5‘-500_ gupported these views. Piézé'r? and Blum- .

(7) Piteer, K. 6., Ju Chem. Phys. 29, 453 (19%8).

berg end Das” werc sble to explain some of the features of the KB data” by

{8) Bl\m\'be‘rg,v'fa:i. D, and 'I‘.P. Das, J. Cuen. Phye. 39, "253. (1959).

ealculaﬁing the, &istributs.an of electron densmiea in the aolvamﬂ par&ma‘@etic

10

.,smcws. Moreover, bo’&h aye, Sm‘.l.‘bh &nﬁ. Bamw&rg and Evers and m‘zmk derived

' (9) Dyé,. 3. L., R. F. Sankaver snd G. B. Smith, J. Am @m Boc. 83, b9,

4803, (1960).

.(Lo) Evars, E. C. and P. W, B’rank, Je chem. szs. 39 6.1 (1959). :

gets of equilibrium conntants from conductanee masmmnts ©of Kmu;a a"b
= -33 ¢ %ogether with ﬁranafemnee number dn%. ‘ﬁhe:lr mmctﬁ.ve resulis

are in.fair agreement.
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of thm ‘than those computed fmm the csaducmw e@emma

© The mpor,pmsyuié studies of Pevalatt em*&t»he calorimetri¢ results of

(11) Dewald, J. P., Ph.D. Thesis, California Ingtitute of Techmology (1948).

" Gunn and Green’® aleo suppord the praﬁaﬁéd equilibria of 21A.%  However, the

(12) Gumn, R. S. and L. R. Oreen, J. Chem. Bhys. 36, %3, 368 (1962).

aquiubrima conatantss Kl and Ka as ubﬁmma from ESRs ane m@r, by a famr
9‘ 10 mr, :

K. has mﬁ:etantially the awm value from eitha:‘ smiz-cm In thia wm'k, ‘the

3

KS of :ua23 ond T in the Ja-Mi, solutions bas been determined in the tempera-

3 « .
ture interval -40° %o 22°¢. 1In thé concentration rangs where the chemical

'eqnnibm, gﬁ.veninEqs. landa, amvaliatha mmmmxlmxam
' evaanated £rom the K8 da%a ﬁogether with the acti.vity mﬁ’icient of &he

charged spec&es, o’btained fron %ha- Bebye-ﬂuckel theoxw.- Althou@‘x the mlatim

' aeeuracy of the maaummnta is very lov at. ‘33 e, fa:lz' agreement is obtained

with the veluss’ obtained from the- conductance: memments, (1), {9), (10).
Experimn%al Reguits

The KB's of the Ea-ﬂﬁs golutions with mapeﬁt 'bo a amndara of 5 nwl.al

" §aCl m BH,, were measmd with a Varian -bao@ Wide Line mm spacmtar

3
operating at e.Tt ami 10.0 ka:/mc. for ’ﬁaes and Blh msammea mspwtivele; in

a comstant magmetic field of 8881 os.’ y
The sta‘biuty of m magnetic f&em aud af t&xe rg mnuancy we:m the de-
tetmining me‘cora in the expeﬂmn@al accumey. m rf ﬁ*eqmne;y was: Getar-

 mined with a Hewlett-Patkard counter To. 5218 to + 2 eps vhile the £ie14, stable

to 3 5ppm, vas svept with e linear potegtiomte;r_. m specftm mzfe wecrﬁaa by
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means of the sideband 'teehniqae]q with e modulation frequency @, k12 cps.

{13) Acrivos, J. v, J. Chem. Phys. _§§, '(ﬂ.aa prega)."

- The separaﬁon beween the smmnds of 821& ops was then used to calibrate

the patentiomter madir%
The. tammratuz’e of the samms was maema to + 5%, bymeana of a .

copper-constantan ’ehermscouple in contaot with tha smla tube. m ssmple

tubes were :hmzare@& in a fmezina mmm and conta.inad in & Bwar $iask uhich

alloved the rf to pemtm%. The c:ans‘hant %ﬁxpﬁrﬁtums were obtained as

follovs, ¢°C vith an lee-water mixture, «15;3 °e vith & 60144-14quid mixture

of benzyl alcohol., -30 6°%C with a- solié-liqnid mmtm of Bra”'

‘m’ &ﬁ&

belw -33 ¢ with acetone-dry ice mixt'.ures. Tha mmles wem then alloved ‘ho
attain the eguilibrium %m&mtm inside the closed é,awe.r. The Dwar fleoak
is shown in Fig. 1. The tip which . com;aimﬁ &he smnpl&a wes not Bilvared but

_ wée covemd with e thin layer of Pt (Hanmrm) m which a cross mxﬂ magmg:ise, _

grill ves cuta’ceveryam. intemmmsmhamrmtm fnnes and
outer surfaces would be concentrie so B& to. elm parfee‘t rf penet.m‘bmn

. The Iia-m3 sam:bea wers pmpmd in vasuum by ﬁmt aistm & koo
Wi@t of Na into the pide arm of 8 sampm tm ané then dwmmag the mquirmi

volums of NE fmm e BY&—SEB aolution Fhe smm ‘tubes vere £iret ag«a&. in

3
ﬁilut.e HC1 then pasma throu@h hot elemaing ealutima and ﬂmlly a‘aemd and

dried in ¢he absence of dust. Ho~»&eco@e’fsiﬁon »wa'e mti.ead, when varming the

samples %o room temperature for long pemés, a8 ahmm Yy tm mpm&ueimuty

of the BR masuants within the expec%d accuz-acy. The pemples Were stored
in uquid nitrogen wnen not in use. - Ths mc@nﬁmtion of the Kawmg golition

is’ reported in terms of the mole mtio, R or the aodim mlality, w.
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p its density at that temperature, see for instance xéss apd Rugeell

(1k). Yost, D. M, and B. Buﬁsell, Irey 'Bystemﬁﬁm Imr@ania

W) o -
R= 15 .u%le-l.zzs

where V ig the #olum of amonts determined béfore the solution wes made ’
noe ¥ 14
2

Prentice-Hall, 19168

P 138, and v in the weight os'-somm; ‘Por the more «muw eamples, & themteal

analysies for total sodium wes carrieﬁ out after ﬁhe msuzmnﬁs vene mniahed‘

For R = 730 the nucleer resonance signal o noise ratm 4t room e

rormf"msbamwmwwcmmm 109.% <33° s KB Qate evs Elven in
Table 1, with ‘bhe temperature and conemrﬁra‘himz éependezwe shoma in %‘iga 2
and 3. The values at mom temperatum are m agz‘eament,within Q‘.he eyperimﬁtal
accuracy, with the results of McConnell ané. }I@lm,é when a correction is mde

for the chemicnl shift of M (am) with beapect % na (aq) of 3,7 pom.

The value of the effective £161d st the nucleus udfer cbesrvation, B
16 in gencral different from that of the externally applied ome, B .  Thus, -

vhere H, 16 the contribution Gue to the ma@e=t£ggt;pn; g:‘iﬁw

(15) Bloember@n, H. and Bickinson, Y. e‘, ?hye R@v. 12, 179 (1950)
(16) Dickinson, w C.; Phys. Rev. 81, 717 (1951). -

&n( T - a)%-rqﬁ
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vith Respect w 0.5 Molal Na!:l in M.,
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+(%¢)

(s 10"
_ ;.].0 A

km)m‘*

P

15

25

5T

49

52

10

2.4

1.3

L2

.1

9.5
0

. l 95
o 1.&5,.'

206
.00

-9k

.87
68

3.62
2.7

a.&é_
st

2.55

805
L6

B

6807

91
87 -
70
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Table 1 - continued

gemple © oy e(medao  m(mmo®  Re(m)
Hunber R m t("¢) + 410 . 4,10

0. e f{-.aa‘* 72
4 - AT 10k
2 B .15 =2 .52 e s
- g0 66 - e +58 - - - e
o 23 , - .87 168
1515 » ".‘SO R - . .‘ - -
o . - 2 1.06 95

6. 03 .0 18
17 a1 53 22 - W51 166 . 18h

©
SR

13 210 .8 - 7



- Teble 1 - Continued

>. - '.,. --' " .u. o . “.. - ‘ ‘-1‘ ‘\.::: . " i
Somle ony - MESMIO' . dmpao® | Rl
Maber B m . #%)  +a0 §.i0 2

n 3 .18 028 o L

21 - . ‘__. . B W & : 358
13.5 - R YU 368

I T A

W koo a3 o2 53 83 3

37 730 080 18,5 62 53 387

-2 - A3 314

- 30.5 - .30 ' 21.9
-3 . a3 95
b3 - .02 13
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sorption was ommd‘ The 3323 absorpt

"1’0-‘ .

Teble 1. Contimed

(a) - Poor anncaling of the glass led to cFatks &% 2

'tumandnotauthermcomm cmleﬁed

ture is sbove tm criﬁieal va.me, the eause maw e 8 aammn«e pmee adsorbed

on the m.u*i’wa of the samle ‘f.uha 933& ﬁ” abmrp‘ﬁsion gave a s{j_f},

| this temperatuxd. ’ o . .
{e) aemtmﬂ'w mszman‘eé shows two absai'ptinﬁ line 8 sling

duced no effect, hovever upon mfreezmganﬁ mmning up ‘Ezo 0 6 fe

vae 4. ;mgm m at, tms Wra—

ture.,

(4) Memsured for the dilute phases in the two phase region.
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' &hapw a8 & sphere or én infinite c‘ynaﬂaz'.‘ Fur 1% 2 z.o

. me anion as is the e.aae f:ar aqwemm solu%ﬁx;as oﬁ' different se&imn sal'ss.

Howbver the aiama@mtic correction fur me(aun) and Ha(am) i lilaely tc ve:

gwmmmfmmme iﬁnmﬁdipoleaont.he
sm-ime of & microseopic bypemucal smre which contains tue nucleus, a is

Here the Lomntm emriw £iedd,

Lit camction Pactor, o = ~§ T 0% av msweﬁiwly fer a aampln
..7 B

der eample shape, thefimt'aemisoftheomof &m. ¢ is & steric

factor which ﬁepends on the abisotropy of the elec ic 5 factor of aay

paramagnetic gpecies present in .solutaom

C ler b 3B -8y
4= w s TE

vhere b 18 the redius.of m'mﬁ@ specics and & 48 1¢s Gistance from
the nucleus under observation, 8| l and gi aremayecﬁvely the g~factors in the
directions parallel and perpendiculsr to the applied field. The g-fostor for

the Na-NH

3 aelm'.iene is g : 2.0012 vwhieh i8 lower tha.n the firee electroﬁ value

of 2.0025, Since 82 =-(le +g""l), insalu@idn, AP ome asamsg 3 a29025,
the aniaotropy in the g factor gives a aagngiblre contribuﬁon, a. m Ao .003 oM.

Ed ig the #4014 due to the orbi%al mticn of the elemons in m in&iﬂdml

species. For lia (am) it may be assumed- ‘that gﬁ is e:ms'eam and 1 of

l?

(1) Wertas iJs: Bo and oaardexm,s %ezﬁmm 25, 357 (1956).

ﬂiff)amnt t‘rom that i’or Na (sm) and the ea%ﬁm@e of thie value ig pmbably the -

‘).m*@et gource of error. The ﬁiamtﬁ.c cantrﬁ.butien from the elemons s.n

panfed orbitals in the Na(em) aaq-xaa-(am) spocies ;u; tm;s, (zee for mstanee
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. Mueloar mm mﬁmm m-mu, 2.999*

(:.9) mm, &., z; 4y

m,mmmmmhnwwmmma

?*1?5)» e

L PR
ERAE XS .

w

? ,

(18) Pople, 3¢ Av, ¥, G, Sevmetder, i k, i

‘v',-'l-.“ i l“. e ;-.l

'_.;,........... a‘: f’l &;

B ;‘.

. whexe py s.n the ammdzmw and & ﬂw mz:mm e&ﬁw&; m&: is laratr
Munmymt mnerm \Bbe value for m buﬁ mﬁer@ui Ii"«:m:?q: B nc
m&wmtmm&aﬁmmnmlamu n?'ﬂmmﬁer&m!breacﬁamm,
'Mmmntﬁhemﬁmw&mzmchm &ﬁ%&ﬁa&da@%n@igﬂam
%0 tho Yerad conbact: tern’” in W paramsgastis § ;‘if;" '

;6.9: 390 (@930)%

w ?“W%%Nﬁ » {a@a

e amat
s écm (ﬁ;‘g‘“) '“’“’*Qw ,)J

S I
LD SR
- e
¥

¥, i6 the Ww& e n. wm !hnc‘bion mﬂ ﬁ@ iﬁ Mb@dro 8 nwar. , ?Eh:u
misnwum%@wmkmmmmﬁmwﬂ mmmw& A

‘ 'K" (5)

20

is the K8™ and in m oase yhere the chomicad tpemo sontaining ﬁhammua,
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r'.l,_ undey observation undergaee fast chamieal exchange 48 can be sho m that:

© (21) Outovsky, H. S., D. . MeCall end €. ?,,mr, 3. Chem. Puys. £1, 279 {1953)

w-Fouy o ®©

'wmzwav;;i an;&'x are the mle fmetion mﬁ xs oi’ ‘hhe eomaponding apaeiea.

In the eaneentration ran@e where the ehemieal equ:lubrm X ax}ﬂ 2 aro valid,
2 150, the observed K8 obey the following reln&ionships '

1(73) « %y Ky
n-'k(ml)u( 0“‘11‘) ‘ .
ekl(kﬁxé*x) ‘ o | (1)
where k., 1:" end # ’ are m.speétivel@'»the-'m for Kas anﬁ m‘w ia the iudividual

species l%a m& e m? pregent in the amnna‘k of mole fraaﬁom X and . The
volumetric and optical spectral praperbies of ﬁa{am) mﬂ. of Ia *(am) + e “{om)

are practically identical. Jolly, Gold, and Pitsaer% caneluﬂeﬂ thesge facts that -

(22) Jolly, W. L., M. Gold and K. 8. Pitgzer, submitted to publication.

Na(am) probably corisisted of ion pairs of selvatad sodimn jons and elec‘trema.

From this mods). one would expects the K8 for H}‘ to be substantially nnahang»&

by this ion pair association anﬁ we shall hereafter aseum k 0= kl _ ."\‘
The room temperature value of kl is obtainéd by extrapolating (R * s:(l\!)]

to iafinite dilution, cee Fig. M.
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et

x,_-un(a wzn asaw—-b -

ﬁm@xw"‘

més o S .-(e}‘-

of - - k‘l
Xd drder to &

l k@g the mmm mm af M@) um wmat to
"nmﬁm mmx M; ;ftm mlmm mymemmnmﬁhmmm.

- (9)

. {20)
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“a. ™ .013 (WM)

Xy = 29,0 (mha/hx)"‘ﬂ ]

m;@t5’33@
k@u&h&mh

a5

,,,,,,,,

(13)
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Bere the mmey coemaanu wem emﬁea fmm m Deb; f. mt:ml theo?y,
1.1& .

.um:ing uge’ of the ﬁieleeﬁrie cancmtés u;a ﬁw deﬁsmy eit m amonia

(23) Sadle ot pmieeﬁi# Gnnmms ot mw m,eamwm. i(if?s;);- |

s togather with the distance. ot nentest a;)';
Rence, the amem% Mm room %wemt\manﬁ ﬂ-Sg @mz a‘fk@m%;
amuma the mmman mt ne @ x m il,ff?i_m mm for zqf L
and £ dn the tememtm anmm& 22" asa%,, m m Mnea m m KB

':aau together ﬁ&th %he avem valm,

' Tnoy are given 1n Tuble 2, Plgure 5 shove the Yuperatux " :' e

the equilabriun constantss P AR |
B i‘he uhmmequzubm 3., amsmm% ﬁﬁnﬁeﬁ rarzt *m, mwr,
_4n ‘bhis mmtmt&cm mnge higher @m m&w palymﬁ, lead&ng taa mimm
1n the KS, start vo appear. As the cmmmm tnoress s, L3 $ 90, the.
appaannee of & mmme state 1»!! 4 !ﬁ ehe @, wﬁwh for
523 tents to the imiting vam of k& 1.5 x m rcr the nmm mmm
at roovm Wmmg : b ' B

b@‘m 3'.:‘
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Table 2. muﬁarim eonatents. for

dimerisation of hh(am) in m-sﬁs ¢

K (wosofia)

Kﬁ"‘””smw?

§ 3 § 

252

<0035
L0070 ¢ .0905
dont

Coa® o (o)

1.6 » .2

1.6

3.4
e

15.8

19

(67

WA

0.8%

0.67

0,65 (.65)°

() %Ehe values of the eguilidrium eonsmﬁ &t m %mpamtm Bre %akan
#ron t.we analyeto of m conductance dnta of Kraus,: by Bye, Suith ad Wr,g
ang Ewm and Franik -

{b) The awubz'&mn cmm%a obtained from trhs m éa

‘ mﬂ mfs are gam fm*mﬂ.aen.

m by nem‘. mmmt
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Enexgy vmx.eulation’s

The atandard heats of reaction for the chemical equilibria 1, £ and 3
are obtained from the temperature dependence of the reaspective equilibrium

constant, thus from Fig. S:

a2 (298) ¥ -6.6 kesyfuole
AHZ‘ = «T.3 + 1 keal/mole
off) (298) = Al (298) - AH, T 0.7 keal/mle (15)

Here Aﬁg is found to be constant throughout the temperature intexvala whereas
Aﬂi and consequently AR‘; are not. The value of Aﬂg at roomtememtwe is in
agreement with the heat of @ilution determined by Gunn azd Green’s, om, = 1.2
keal/mole. Alsoc, the temperature depenﬁsnce‘ of AK: indicates that a large
negative change of heat capacity Ac; » 0f the order of -100 cal/mole deg.,
accompenies the dissociation métion.au’zs

(24) Piteer, K. 8., J. An. Chem. éoe.. 59, 2365 (1937).

(25) Harned, H. 8. and F. D. Embree, J. Am. Chem, Soc. 56, 1042, 1050 (1934)

The change in entropy for the dissociation and dimerizaetion reactions are
‘ founﬁ to be
As; 2.3y cal/deg mole at T = 298%K
ABZ = «2k.1 + 3 cal/deg mole

Electron Densities

The parameters ko and ki in Eq. 7 are respectively measureg of the KS
for Ma23 and Nla in the single species Ha(am) and e (am). Thus, the electron

densities at the respective nuclei my be eva}.zmé& sccording to Eg. 5 4f one



dsoumes ol tso ve the theomtieal. sm&pﬁbimﬁy for 8 ) 1}2 Ia m m«-
eeutmteﬁ ragion, $he m&tyat the m xmeleus ves obtained fmmtm
K5 mking uge of the conbined Paul& epin smepﬁﬂaiutw for a free cleMa

o with the Ferul energy evame.tea from the mm el.eg_mnﬁgnfhea& vr-jta'

2aty, %

{e5) mwm, V. D, “ﬁom Stete Physics”, Vol 2, ps 93, Academic Press Ine.,
Bow York (1956)

Tha measured electron densities are given in Tuble 3 mmr with m valuap
fwwmmmammmmm%, -

(87) Ruseh, P, aud B. b, Phys. Rov. T3, W77 (19%9).
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Teble 3. Electron Densities in the Ha-NH, Solutions
o) ey i <, () 5>
Na-Wi(R=5.7) Ba-WH(RB300) Ba . Fa W' Na-1i5(R2300)
, - | (stom) (metel) (P-center)
Experimental .
Value 0.071 0.7525 0.58% 0.01 to 0.39
- 000’
Verue o 0.066% - 2.1%
0.014* | 1.0%
0.016° .02

(s8) From two different solutions of the wave equation for the £rec electron in

Ha°6m'13

(o) Prom the colution of the wave equation for ¢ (am) + To' (em) {;Jert‘mrsgl

{Blunberg and Das8] .

vhere the distonce between the ions 1s 7.2 a,. : =3

(¢) From atomic beam measurements. [Kuseh and mhbm]
(d) From K8 measurements [Knigh 863.
'(e) From the observed line widths in Ha P and JeCl, P-centers mmasl.

(£) Prom the solution of the wave eguation for the electron in e . m:s -[mtzeé*é].
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In concluston, the variation of 4he electron Genstty at the 8™ mmodeus,
-'S’mwibtthavaim for the metal in the mmmmm,aasmm
.39 of the valup for the Mammmmﬁhm@m, nasm, wms
.-an the eaoe monner 4s the conduetance mEasuremsmts ari!ma, " |
| of two different types of m‘ms golations, m cmmm& BOAGY: m éﬁsuaa
propertias characteriatic of a motal, but in the dflute golutiond, the wpaire
eﬁ electrons are nob closely associated with the godium waclet smd tmmtm
mist aam expanded orbitals in the ddedactyic mediuns This 46 aleo evidenoed
by the high electron dansity observed for :r“m in the Ailute welutions. Here
e pl(n”’)» 1s the oum of the densities st me azmgeu nucled agmn of the
 emmonte moleculss coordiited €0 the paremguetic epecies, ond inoe the un-
Phired electron moves in an expanied srbital, 16 vill comtribats w tho denpity
atammmamarceomtimamm mmmmmrmamemm
in an Pecenter contributes to the density at nuolei mmﬂ. poveral zamae
Sistances from the vaconty. 2% mne eleetron densities cansob bo mla&ned

(28) ‘Boxdy<¥. W,, Phys. Rev. 105, 756 (2.957).. , S
{e9) Peher, G., Phys. Rev. 103, 834 (1956); 205, 11e2 (1957) ‘

B the baste of tue Ha + GNH, cpectes, assumd by Bluderg snd Dos] sincs the
value of pl(aaa’g) obtainad from this wodel are larger than the observed ones
by more than an order of magnitude, see Thble 3. On ths other hand, although

the medels proposed by mmz-f and Je’rme_rgg and Jc%ly et m?a aré move plausible,

-

(30) Jdortusr, J.; J. Chem. Phys. 30, 839 (1959} 34, 678 (1961)

the dolution of the wave equation for the wrpaired electron has to be refined



-22-

L

%0 dstermine the mwam of the expanded om*ma in the mzw.m neﬁam;

n order to omaum mmtewlush of m sisctron dengity,
andgmﬁw
\
.
~ '.L"
g .



List of Figures

r £ permesble Devar Flask.

Temperature depenﬂanee of the KB in the m.-lms golutions.

Isothermal eoncentmtion dependence of the XS 4in f.he &-M{B solutiona.
Extrapolation of the N> K8 to Snfinite ailution.

Inverse temperature Gependence of the dissociation and dimerization
equilibrium constants of NMa{am) 4n the Wa-HH, eolutions.



190mm

80mm

<2~
-7
30—
40

_;4_

Regular silver
Dewar surface

Vacuum o ring

(127/5) :
" Gu-Cn thermocouple
(wax seal)

Regular silver
Dewar surface

[ ————————Sample tube

>P1 surface (Hanovia

cut every 2mm
"across and lengthwise)

\\_’)-"‘"‘f“‘*-———Thin-waned glass

{ I mm . thick)
(Wilmad , N.J)

52mm

MU-26054

Fig. 1



Kk (Na) x 104 o

0.5

0.5

0.5

-25-

e M 1
. Sal +50%, 05
B i \\A T x
B 1°z o
__\‘\. R diso
N ’ ] «
= A 100 <r.
- R=18 S
. 5

] z

) -}‘ R=325 4350 B

\ ]
.\ 300
\ 4250

\\ 200
- <150 05
- .4 100

 Fig. 2

III]T‘]II

i N\
?\\\— 50
A R=730
A _\‘\

. | 0
20 0O -20 -40.-60
t (°C)

MUB-952

R k(N) x10% a



1000

R k(N) x 0%

k(Na) x l0%

100

0.l

10

_26-

o
1.0

0.l

T TTT]

I lllllll s Illllll 1

T |lll||l

IIIIIIII

IIII LI

II|IIII|

IIIIII

10

100

Fig. 3

MU-26056



_27-

f | | | 1 T
500
400
<
o
>
~300
z
200
100k | 4
L | | | |
Ol 02 03 04 0.5 06 0.7
. . >

MU-26055

Fig. 4



-28-

20.0

2.0

00! ¥

0.001 I | [ L IA ] | | ]

MU-26057

l' Fig. 5



