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The Initt GIZXft ot in odiana colution w 

vx3acured over the teezture iflteival 33 to + 0C and in tlim concen-

tratton ranp a 	ondin tic ratt5.1: to 700 (Na3 )mr 4. 

The results in the dilute region, R >-33 	rc in1fld in tene 

o' the equilibriui conitante 	and 	for,  the reactions 

a(an) + e(am) and I(an)  

he effoative Knight Slifts, 	tar gM23  in Na(aia) and 	tar N14  in 0(am) 

were £'ound tobe 	 .. 

0.03 ± .00J) 	and ko M. (13.5 ± 1) 
The 	 tn'O& standard et 1 v and eatrqW of maction fbr.thdi  

tion and the d 	on riEati eq*ilibrin are m0eatively, Ali(298°) ' -6.6 

and 	-7.3 ± I kcaZ4nole and S(293°) ..34 and= .224.1 + 3 

cal/deg mole. The chan.e in enthe..Lpr for the diosociatiorA qui1riva was 

tratzrede€nt 2nd Uftested thet a ].orge negative 	in  hftt 

42I000 aecaLed  the  action. Mw oetron dowitiles at t 

nuc].eua were 	= .ox 80"3  for the concentmted (B '. 5.7) nd dilute 

eolutions (11  300), repectivelt, 
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The stu6r of the electromMaetic properties of the &kAI-I and akaline 

earths in liquid ammonia has supplied a great deal of I ñforation eboit the 

chemical nature of- these solutioue. An i reat*bt of conductivity ati.nts, 

ICraua has proposed that there exint, present in solution, aoliated atoms, 

(i) ICi-aus, C A., J. m. Chant. Soc. , 79 (391), for evie work also 

eee Kraus, C. A., J. Chain. Education Q, 83 

positive ions and e•cz'one. The pz'esenoe of paremagnc tic specU-0 was indeed 

verified by Rueter2  and Preed and Sugaxn em the static rnaieti succep- 
- 	 - 

fluster, E., Intfl. Physik. 	, 477 (1938).. 	. . 

Freed, Be and L SUzn, 3. Client, Phys.. 11, 354 (1943). 

tibility, X., and by Eutcilson and Pantor' from 	 C, 	 by 

(4). Eutchisøn, C.. A., Jr. and B. C. Paetcr, J. Chant. Phyc. , 1959 (1953)4 

of £SR. The n$n conclusions to be d' frm these aeuz'ernte 'are: 

a) the msgnotic susceptib1ity of the natal in a-a solation l 	alvsyn 

below the expected Curie vslae which j 	 asyxtoticany OWV,as the 

dilution increases to iY%finity and b) the 1/t tCT5tJU'O deWhdonce of 7.  'is 

not obeyed. Becker, Lindquist and Alder 5  explained 	 by aasxming 

(5) Becker, 5., R. H. Lindqiiat and B. J. Alder, 3. Chant. Phys. , 971 (1956). 

the existence of four different scies, solvatad ntal dimsrn, atomsend posi-

tive lone and electrons in the dilute aotutins, and then proceeded to evaluate 

the chemical euilibriwa constants for the disaocat1on and dxeeristicn of the 
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oolvated =taU.tns or zowmers from the -EM, 6.taa: Those rcaCtLoa ay 

be qritten 

N(am) 	() + e(aza) 	 (1) 

Na(nrn) 	1a(an) 	 (2) 

with the oon,iied reactton 	: 

.Ns4am)m)+e(wi) 	 (3) 

there the reepeetivo equilibrium oonetanta are K1, K2  and IC3 11 The Kni&lt $hII1t 

(KS) data of McCornieU and Hold for the N4U3  solutions at roon temprature 
Sr 

• (6) McCozmeU. and C. U. flolm, J. Chem. Soc. , 1517 (1957). 

in the concefltratton range U 5-500. suppoite the ce iieva. Pitor7  and B1um. 

(7) Piteer,K. s., J: Chem. Pbya 	3 (a.9 8 ). 

bcrg and Due were able to explain some 	 fOtU5 of the KB data6 , 

(i.) B1nber,W. II. and T. P. Dan, J. Chemi. PrS. 3,0, 251 (1959). 

calculating the distribution of electron dnaities in the colvated. parametic 

10 
species. Moreover, both Dye,  Smith and Sankauer9  644 Alveks and 	derived 

(9) Dyé,J. L., U. P. Sankauor and G. E. Bnith9 J. . Chem. Sc 	, 

11803, (1960)6 

(ia) Evers, E. C. and P. Ti. Fren, J.Cbe Pby. Q:6l 

' I  

seta of eguiUbriumn óouetanté from eoxductance massurements of "us at 

t -330C tother with trantereñce nbar data. Vher re69ctive reGult 

are in fair aeent0 



The vapor.pressiult otndies of 1)eva1d' and the ealorintric reatalte of 

(U) Devald, J. F., Ph.D. Thesis, CaliThrnia Intitute of Todmoloor (14e). 

rV 

Gunn and Green also support the proposed euLUbria of BT.A. 5  oevr, the 

(32) Gtun, B. S. and L. It. Green, J. Chem. 	 363, 368 (1962), 

egutlibritam oonotants it, And 2 	tined. from 	ete 2argr, by a 2ator 

910 of three than those oonntted from the condu ctenom e.r*flte ' Hascrverp 

has AstentiaUy the sase valuó from éithà'. source. In thi3 york, the 

CS of Na23  and U14  in the Na-NR3  o1utions baa been 8eteminc4 in the tenem-

tore interval 400  to ZC. In the Concentration range wIaee 'the chemical 

euil1bria, given in Eqs. 1. and 2, axe a1id the contan K1 and 

Va1U5t5dfrOIA the K2 data gethez° with the activIV Cbàffieieit otho 

charaed species, obtained from the Debe-Rueke1 theoiy. Although the rtlative 

accuracy of the wasurements 1$ VT Imf  At. 33C; fb a r 	t is ObtAlmd 

with the values Obtained from  

erinnta2. Re3ulta 

The KS's of the ,.U3 •solUtions with 	sOt to a stwdard ,of .5 molal 

WaC1 in Nff3, were rnaeured with a "larian -2QO W1e I4ne W epeetromtez° 

operating at 2.77 and 10.0 	
23 	 in 

COflSt&flt mgaetic field Of 8881 os. 

4& stabi1itr of the nmgnetic ield and. of the rf llv4uency were the do-

teriniig :ftctore in the 	'imnta1 accuracy. The rt .fret*enay wAS d.etr- 

mined with a ew1ett-Pacbard counter No. 5210 to + 2 cpa while the field, atab2a 

to + 5ppm, was swept vjth: a linear potentioziter. . The Speftm weze rtoorded by 



modds of the Aideband 'teeMique13  with a Vap4tion . ieny 	412 ep. 

•(13)Acrivo,i.VJ.Chen.P,(iflPZSG)* 

• The Goparation betweet the si*b&ndø of 894 cprá vAe then used to 	rat 

the potentiometer readin,. 	 -. 

The temperature of the eamples was 	ured to + . 50C, by means of a 

.copr-conatatan thermocouple in ;contact with Us emple t,e4 Tha ,  oample 

tube a were 1reo4 in a freeztd.g idture and contained in a Devar fae1t which 

allowed the rf to penetrate. Tbo ccnetst .teirätts were obtained as 

foLlows, t °C with an iee.'water minture, -15. 30C with a oli4-1iquid znizture 

of benzyl alcohol, 30.60C with a soli4-li4uid mi*ture of Bz-benzene, and 

below -330C with acetone-thy ice miture.. Th Sowles wore then alowod to 

• 	attain the ejiilibrium tetiieratuxe ir3i45 the closEd 

is ehown in ig ).. The tp which costaifled ti 	was not .sfloed but 

was covered with a thin layer of Pt (ffnoitin) in which a cress and lengthwise 

• 	 grill was out at cvry2.mrn. Intervals In,,Authame: t:ttbiner Omd 

Otter .suricen woii14 be eoncerzlrin so as tc.. eLlov 'fecr •rf pnetrat 

The 
Na.111 

 samples were prepared in vacuum by first d.tsti2.ling a known 

• 	weit of Na into th 	am of a cwiple ttibe and  then &intil34flg the raquire4 

• 	volume of HS from a 	solution, ••: 	te& were first aged. in 

dtlae UC1 them passid through hot cleaning etion avA tili ten4 and 

dried in the abS UCS of dust No . 	onition WAB UOtiOSd when varming the 

• esvles to room t)eratu1'e ftr long portod1, an ahOWnb7 tha reproducibilitY 

• 	of the MVR measurements within the expected SOCV2ACY, The zaMles :Were stored 

• in liquid nitrogen when not in use. The OPAWntmticm of th 	014tion 

is reported in terms of the mole ratio, R or .  fte eodtum mo)AUty, m. 



ZMaT m 	 Ina, 

• 	where V is the vo1u of aarnflcnia determined b:fore  the soLution i 

• 	density at tht teerat*re, 600 f r tance Test and RUsell- 

(14). Yost, D. M. aM H. Bics11. Jr., 	tEZiC 

• 	?rentiee-RaU, 1948. 

p. 138, eM w is the wei1it of eod.iwn. )*or  the iiore dthi.te san1ea, a chemicaL 

aoalysie for to eoimt was carried out atter the fnishOd 

Por R = 730 the nucleer resonance sia1 to ici i to st,  

forNa 3  was barely.unityhut rose to 10at30 . 

ib1e 1, with the tenpemtume eM concentration 4epeMenco ehown in 'igs. 2 

and 3. The va1zes  at  room tenorature are in sreornent,wit in the earincata1 

accuracy, with the results of McConnell mA 	when a corriái is made: 

for the chemical Shift of I'(aa) with éSect to Na(a*) ot 17 p 

The value of the effective, fie2d at the nU3 t4er ES tion, 

is in gera1 Utterent from that of the ext.ornaUy ap].ie8. 	E. 1 

a 	 (4) 

where 	is the contribution due to the inagnetisation, 

B3oexern, N. and Dick4non, W. C., Phj. Rev. 12t , 179 (1950):. 
Dickinson, W. C., Phys Rev. 81, 717 (191). 

-ir a) + q 



'2a6le 1 . t*.tght 5hi?t of lb23aM Nlk. in 	4*tionc 

with Respect to 0.5 Molal NaCl in 

( X 
11imber. R tC) +10 +.1O. 

1 5.7 '  10 9.5 1. 40 •  

0 1.25 

20 12.2 4.8 	22 1.45. - -. 
o '1.06 5,8 

-27 1.00  

-46 

• 

.94 - 

18 25 2.13 	22 .87. 3462 	- .91 

o .68 . 87- 

• 4127 .63 -  :24 7o 

-30 •. 

t
(.3? . 

• •. .78 . 

-31 2482 fl. 

10 46 1.3 	-22.5 .-6i a 	 •• a 

15 49 1.2 	0 .51 a -a 

25 52 LI. 	263 .68 ' 

113 138 . 	 0• 

5 
• 

''.3 	: IUA 

o .29 02005. 

-15 .16 14.3. 813 

-31 2 .06  

-47 



Table I - continted : 

Sample R( N) k(Na)X10 k()x10 
Nituber rn t(C} +1O +3.0 

• 	 __,_... 

• 	 9 60 ,98 0 a 34 1.51 80 
• -19.5 - 1.40 04 

-24 • 	27 
- .40 2-4 

• o•. - 	•• f1.2oc 72 
1-04 

12 78 .75 22 • 52 a a 
• 	7 • 3)  

26 90 25.1 .55 5. 

23 187. 168 

15.5 .50 - - 

103 

0 627 1.06 95 
-12 - .Sa 14 

-22 .13 
•47 

142 

-39 . 07 	- -- - 

-56 .03 .20 18 

U. 110 .53' •22 

• 

56 a. 

17 111 53 22 .51- 1.66 	•. 

- 	7 .• 	.26 - -. 

-19.5. - 	• • 	.89 	• 99 
.21. -- -: 

7 118 .50 22 .46 -a a 

10- .37 
•- - 

o 
-146 .03 - -• 

13 210 .28 7 .28 	• S. 
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Table 1 - Continud 

• Mmbar R a 	t(°C) .19 

31 323 018 	22.8 - - 

a . -.i. 
13.5 - • 1.14 368 

.9 .42. 
4.5 .90 293. 
0 262 

-9 - .46 149 
• -22 015 - - 

-27.5 -, 	. .44. 142 
- 	

. -31  .37 120 
-- -52 - 	 . 629 	- 94 

14 450 .13 	22 .53 . 	.83.. 374 
o -.31 	- 78 -  •351 

'.7 630 
- 	 • - 

- 	-17 •--. .48 216 

-29 
. .55 247 

-44 .07' - 

-46 .07 -F  

-63 - 
. 	•.Q. 45 

• 	 37 730 .080 	1605 63 337 
- 	 '.s .53 -. 	60 433 

.49 	. 57 416 
'0 .42 - - 

• -20 . - 

45 314 
28 .18 - 	 S  * 

- 30.5 - .30 .23.9 
-34 	• •- 033 .595 

- 43 - .02 3.3 

- 51 .02 ••- 



Table 1. Conttred 

S 	 : 

Poor zaliug of the -glass led.  to aftOW at 1u4 nitrogen tere-

ture and not aU the z'uns Coi be ooct6 	 : 

23 Ueze the 	eauaue allowB tro abaorpttii linoa A1tbou the tenWora- 

ture is abv the critical va, he 	be 	 ph"ejaftoziped  

onheaceortherlett. 

this tèrtr. 	 S 	
: 

fle theF".'  =sonmca ahos two abcortion lines $haZdi the i1 .pro-

4uced. no effect, however ton refreezang an az'inin xp to 3°C onZy one ab-

sorption wae obterwd ¶flie Na absorption was a thgle UEiS at this tera-

tire. 	 S  

() 	 'p : 



in 

Here the Lorentz omvity field, v M arises from the Indwed 8pole on the 

surface of a microsoople bpóthetieal sphereI11th containd. the nucicus, cz is 

the buXk diamSeatic correction t'ctó, a .it , ir. orOTMOOMW4 for a ssnp20 

as a sph 	or • infte OV11ndpii ftr'XW. 	 fite  cylin-

der ei1e shape, the first term is of the 6r8er of .'. mmi q it a sterie 

*bctoz' whieh 8opends on the anisotrepy of the e3Ctroniog factor.of any 

paraznaetic speCies present in solution. 

q,= 167 b 3  

where b is the radius of the psi 	tic ecies and a is its distwics from 

the nuceus under obser'vttion, S 1 1 and 	oze reopectively the -tactOrs in the 

airections parsilel And perpendictUar to the 'alie8 'tie 14. ¶i.Ize g.4otor for 

the 	solutions is g 2.0012 vhich is lo'er than the free e tr' value'. 

of 2.0025. Since 	(2 1 2 	in 	ion if one ases11 2.0023 

the snisotxbpy in the .g ietor gives a nbglJgIb1e coutributimp qX ­O-,003ppm. 

is the field due to the orbital motion of the :ele otrons in the indtwidual 

species. Sbr Na(an) it . me.y be ats4 that 	is ConStS*it and independant of 

the anion as is the case for aueouc epluttOns o4iftSrent sodim 

(4) Werz 	L .aM 	adetzkyJ. cc Pbre. 25, 357 (1956). 

1bw8ver the 6iamtic correction for Ns2(em). and 1i(am) is tike],i to be' 

dibrent frm that for Na(sm) and the esto? thie 	is. pob41y the 

iarct source of error. Mm &tamo,tetic coutributioh fn the electrons in 

Ozpanded öititals in the Na(øa) and Najea) sicies t thUs, (see .itance 



I 
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n, under observation undergoes fast chemical exthange it can be 	tMt 

thtwsk,r, E. S,, D. W. MCU eth C. I. BIter, J. Chein. 

	

	279 (1953) 

(6) 

where k1  and zi  are the mole fraction and ICS of the correeponding opecies. 

CHWCAL EUILXBEA. 

In the concentration range where the .chemic1eqtilibrin 1aM2 are vali4, 

.R I5O,  the observed X8 ober the to1loing r4U&S: 

k(i 23 ) x, It0  

B k(I 	) (z0  k0  + x1 'Cl 

23 and It1 ' are respectively the 	for Na and Hl  n the indiva1 

• species Na and e, precent in the amount of mole fractions x0  and x1 . The 

vàlumtric and optic 1 speetral properties of i(am)an4 of .  Ua(wn) + e(am). 

are practicaUy identical. Jo11f, Gold, and ?itzer concluded these acte that 

Jo1i, V. L, 14. Gold and K. S. Pitterp Wmitted to publicatien., 

a(ern) probab'y consisted of ion paira of solvated codiurn ice and e1ctrons. 

From this model one would expect the ICS for ta be cubctentia12y UUOged 

by this ion paiz association end vs shall hereafter aseUz It', 0  k. 

• 	The room tezzerature value of 	is obtainod by extrapolating [B z(N)) 

to infirdte dilution, eec Pig.14. 





kj 	 ('3) 





- V 	

Tuble 2.4iSbriurr& Cóñtnt.otb 	o-ttcan 	th 	-• 

V 	 V 	dtion ot 1() V 	

V 

T 	(n11g) 

• 29 	.0027+.001 	1,6. .2 1.7 • 
290 	.0035 	 1.6 

V  V 

277 	.009 	 3.4 	V  V 	 1.4 

273 	- 	 •0005 	42 	
V V 	

1.7 	V 

252 	.010 	 12.2+ .5 

V 	 15.8 	V  067 

V 	 V 	V2! 	
.03 	 19 	• 	

(67)b 	
• 0.69 	()b 65  

V 	 - 	(s) 	The va3.ues -at t 	-eQuU.1briUx Am teT 

from the 	sLc - at tbe couftotsbee data by 	 ire 	ith 

10 
ona - 	V2'B and - - 	- 

aw eQjd1ibztum ametanto obttned flom the M (b) 	f ftts bicr, idiu8t 

and Ald*r5  axe Lvm tor coarton. 
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Energy Calculations 

The atandard heate of reaction for the chemical equilibria 1, 2 and 3 

- are obtained from the temperature dependence of the respective e.tlibriuxn 

conEtant, thus from Fig 5: 

• 	(298) -66 kc/nle 

.7.3 + 1 }LC4/LnOIO 

(298) AI(298) - AH2  ' 0.7 1cai/mo1e 	 (15) 

Sore Ae2 is found to be constant throughout the tezerature intermki whez'eaa 

and conaequent3y 	are not. The va1se of AI1 at room te 'ernture is in 

agreement with the heat of dilution determined by Chmn and Green, % 1.2 

keel/mole. Alec, the temperature dependence of M& indicates that a large 

netive change of heat capacity A C;  , of the order of -100 cal/mole deg., 

accompanies the 6.isaociatlon reaction.2a25 

Piteer, K. S., J. Am. Chem. Soc. , 2365 (1937)0 

Hexned, H. S. and N. D. Embree.. J. Am. Chem. Soc. , 10 1 2, 1050 (1934) 

The change in entropy for the dissociation and dinrization reactions are 

found to be 

S..34 oa1/degz1eatT=298°K 

AS 	..21 .1 + 3 cal/des mole 

Electron Deuaitjes 

The parameters k0  and kj in Eq. 7 are respectively measuree of the KS 

for 23 
 and N14  in the single apeeec Na(am) and e(am). Thus, the electron 

densities at the respective nuclei may be evuluted according to Eq. 5 if one 
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Table 3. 	E1etron DensIties in the 	Solutions 

p(Na) a3 

0=5.7) i-im (E3oo) uxi (i3oo) 
(atoin) 1nta 	(cerL_± 

Ezporinntal 
Value 	 0.071 0.0000 0.7525 	0.50 	0.014 to 0.39 

00 e 

Theoretical 
Value 0 a 

0. 
0. 

2. 
1,0a 

0 

From two titferent solutiona of the wave equation for the 	electron in 

Na61H3  LBXuerg 

irom the colutlon of the wave  equation for e(an) + N&'(arn) tJoztner 0 1 

wheze the di6øe between the iOnØ i13 7.2 a. 	 r 

(a) From atcinic beam xmasurements. [Kush and 	bJ. 

26 (a) Prom K8 masurements (Knigt 1. 

From the observea line vtdths in 1ia F and VaClo F.'centera (Lcrd J. 

Prom the solutIon of the wave equation for the electron in e 	B3  [Pitzer63. 



/ 

rn couciw*&i, 00 vtton of the eibct denetty .ai the 	 aeue, 

fro* 13% of the wam for the 	in the anentte4weon, 3 57 to 

.13% Of the value for the free atom in the dt4e ton, R 300, waCte 

in the saw mnW As tbaco etance. aurent$ of Krnn, the exLe 

of 'o 4firnt ty3e1, of 	804t1ona 	concentted o)ittn poasesa 

xpertiee charnateriotic of a m3ta3.p but in the dilute eoiutioa, the mpair' 

d 6.1octrorm are not cioóe3 ueociated with th* eodium anclei aM therefore 

ct occupr egauded or'biti3s in the dZectD1ó n*4ium This is a3o r4cnoed 

by the bigh e1ecton den*iti ob*ervet for 	in tam dilute i tione. ifer. 

La the zwki of the dez*itiee at the nitigen nucl*i of eaCh Of the 

Oflt Th3 3.icooiftimUd to the 	eWetiC eeoa, w4 óiuo the 

aiie4 eUotrm veo in an ezpaned Cz'bttal, it wiU ftutribift t6tha denOtty 

at emral lure of coorAthation sheila in the sam unaw itbat the eCtron 

in an ?ce*tàr contt,ibLzteS to the dneity at Uuelei rsced eevøi4 luttice 

distancea from the 	 The e1e4troia denaittee cannot be eip*iced 

() 	dL V., ?hy..  Rev. 2' 76(l97).  

(29) 	heZ) G.,. P1a. Rev. 19,jo  831 (i96) 3Q$ 1= (1957). 

the baoie  of the U 61 3  spectee, cosuz4 b3r BXurg • 
re4! since the 

value of obtained f'ron this mDul avr lurger then the obeerved onee 

by mom then an Orftr of ngnittde, see Thblu S. Qi the other hiwa4 althoub 

the modele proposed br Pitanr,6  and JoX'tner °  ea4 Joliy at are zrè plausible, 

(30) 

the dàiutton of the wave equation for the unpaired electron has to be refined 





Liat of Figures  

I. x f perable Dar F2ak. 

2. Towerature dependence of the KS in the 	oluttons. 

Iothernl ccn4entration depeu6.enoe of the NS in the 	olu lone. 

Etapo1ation of the jj14KS to intinite 4ilution. 

Inverse teiipoxttuz'e dependence of the 4lc: tion and d1mrization 

e4Uilibrithn constants of Na(am) in the 	solution. 
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