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TABLE V.

Reference

Standard

P doped Si

in polyethylene

Pitch in KCL

(powder)

DPPH in

benzene

DPPH in

chloroform

DPPH

(powder)

(titrated aqueous

NaCO3 solution,

pH = 10)

CuSOu.5H 0

(crystal;

K3ECr(CN)5NOJ

(aqueous)

vosou

(aqueous)

Vnt* in MgO

Source
_

B. A. Gere,

Bell Telephone

Laboratories

Varian Associates

Palo Alto, California

Eastman Organic

Chemicals

Eastman Organic

Chemicals

Eastman Organic

Chemicals

Alfa Inorganics, Inc.

Matheson Coleman and

Bell (recrystallized

from H20)

H. Kuska,

37

'5 value

1.99875 1 0.00010

2.00290 _+_ 0.00005

2. 00351. i 0. 00003

2. 0036 1 0. 0002

2. 00550 :- 0. 00005

1.99usu 1 0.00005

Michigan State University

Fisher Scientific

Company

Baker and Adamson

1.962 1 0.002

2.00770 1 0.00050

Reference standards used for determination of spin concentrations.

 

(K)

Lorentzian Gaussian

1.0 0.29

0.66 0.19

1.6 0.”?

1.6 0.5

1.0 0.29

1.0 0.29

1.0 0.29

3.5 1.0

1.0 0.29

3.5 1.0
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Figure 6. Vases! Used to prepare lithium-amine sdlUfions for

EPR studies.
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KENS

A. E!!! Monuments on Hotel-Amine Solutions

(Hsgnetie Psmsters)

The onsntstive observstion of electron paramagnetic resonsnee

1n the meal-mine systas studied by the snthor ere amused in hole

H. In discussing these systuns 1n detdl we dull to genersl group

them according to psrtienlsr m ehsrseteristies; hence. our subhssdings

shell. be the ehsrsoteristie Em sbsorptions or speoies.

1. The monomeric species. The climates-ism m sbsorption

of most potsssim. mbidim. sad seem-Mus solutions (else observed

for some sodim solutions) is s hyperfine psttem easing from the is-

tersetioeofspsmsmetieelsotmeithsdngleslkflinstslnw

clean. The magnitude of this mm in days less then the "free

ston' vslue end is very sensitive to solvent ss shown in stle VII.

Ingmlthelvperrmespnttinginorsssessstherstioofslmm

latrines-sues. Thisesnslsobevievedssthehyperflneintersetion

teeming es the saluting power of the solvent deeresses.

Studies on dilute solutions show thst the mes-tine splitting is

indepmdsnt of motel eonsentrstion.

Perhspsthenoststsrtnngsspsetefthetvperfinetntemtionis

its lurked dependence upon tuperstore. As seen 1s st1s VIII. the hyper-

thespnttngmehsngewsfsotorofbmsmhmdreddegreetu-

Wrongs. As osnslsobsseenfm‘rsblsvm ”mug. 12.
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Figure 13a. The hyperfine splitting, AM, of the monomeric species as a function

of ammonia concentration for some potassimn-etmrlamine solutions.
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naun. mannerdthMWuomof

Alkali Hotel Cd Solvent for a Huber ofReta-Anise Solutions.
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£9 9am. 1(2) 3mm»
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23 2.001946 23 1.99962

0 2.001350 1.998?!»

.m 2.091% 0 1.99885

~20 2.00112 .30 1.99902

430 2.001% ~33 1.99921

-60 2.00135 ~30 1.99935
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~75 2.00165 do 2.00082

Cow.

1(2) Mu- 3519. m
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1:0 1.99511 30 1.99502
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39 1.9957? 10 1.99190
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was 1. Continued.

Cantu

m pausin- 3132 value
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030 1.99m ~80. 1.99%5
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J40 1.9965? 40 1.9%?!

.30 1.996239 «90 1.99616
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-50 1.996323 ~10!) um:
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2. The solvated electron. To distinguish this absorption troll

thebroad extraabsorptiondetectedbyconputeranalyeisweshallnean

by the electron absorption the line located at g :- 2.00190 :I: 0.0002 and

of linearidth comparable to that of the hyperfine pattern. The spin om-

centration of this species and the ratio of its concentration to that

of the monomeric species varies fro. solvent to solvent and fro. natal

tonetalascanbeseentron‘rablem. Iagoneraloneoansaythat

this species is favored by pohrizable or iodsing solvents such as

netlwlnine or the dis-ines. the tanperature dependence of the spin

concentration of the solvated electron varies marked]: fro. one note].

solution to the next.

Insolutionsofpotassiuninthealineetheeoncentratienofthe

soluted electron is observed to decrease slightly sith deco-easing ten-

perature. 0n the other hand. the absorption due to the selected electron

is observed to increase with decreasing temperature for solutions of ru-

bidimandcesiminthe-ines. thebehavioroftheertrelineinseluo

ticnoflithiminethyhnineandethyluine—maianixturesmlbe

discussed later.

Ingeneralithasbeentoundthattheelectronabsorptionisfa-

vored by conditions indicative of decomposition. e.g.. standing at rec

tesperatnre or above for prolonged periods of tine. This could honour

he became equilibrim is attained very slowly in these solutions.

Theadditimotfunoniahastheeffectofsuppressingthe sol-

vated electron absorption relative to the nononer absorption.

The genius of the solvated electron is independent of metal and

solnctused. netalconcentration. andtenperatm-eas canbeseentron

Table III.
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3. Extra absorption detected by computer analysis. Cuputer

analysis of potassima-ethvlamine-amonia solutions showed the building

in of an additional broad absorption at higher mania concentrations

(#2). Theresults ofthis analysisonatypicalspectrmareshounin

Fig. 15 and the parameters of the extra absorption for potassim- .

«Maine-ammonia solution are shown in Table 1111. is can also be

seanfronl‘ig. l6. thisabeorptionisalsopresentinotheranine-anenia

solutions. Atthetineei’thissritingoonputeranalysishadnetbeen

pestorned upon these solutions.

It. lithium-ethylanine and lithiua-etlwlanine-annonia solutiens.

Severalaspeets ctthebehavioreflithiu-ettwlalineandethylanine-

ownia solutions are unique: hence. mesa solutions will be discussed

apart from other netal—anine solutions.

Iithim dissolves in ethylanine to give highly concentrated solu-

tions uhich can not be studied because of their deleterious effect on

the cavity 0. Resonances have been observod tron diluted samples of

these solutions.

Iherengeofnetaland solvent compositionsuhichue studiedare

sues-iced in Table XIV. The qualitative nature of these spectra can

be so. in Fig. 17.

it re. temperature the resonance of a noderately dilute solu-

tionotlithiminpureethylanineisasingleline Age-2.0019

a 0.0002otsidth0.3 gauss. Thesidthefthislineinoreasesnono-

mm: nu. decreasing tuperature until .1». 430% 1c neasures 2.5 o.

iprecipitonsdropinthelineudthteOJG andaten—tolddecreasein

the spinooncentrationoccurs asthe solutionfreeses Justinian-80° .
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TABLE X1H.EPR parameters of hfs pattern and extra absorption as obtained by computer analysis

Sample K-12

Temp 0

(°C)

-38

-72

Sample K-ll

-7

-15

-61

égmple K-2S
 

-8

-35

-68

Sample K-lo

-12

-92

-75

5.8 Mole percent ammonia

 

absorption)

 

AF SF (hf8)‘.' ‘ 8F (extra

(gauss) (gauss) (gauss)

5.09b 1.25b

n.2ub 1.17b

9.6 Mole percent ammonia

3.76b 2.11b 12.1b

3.66 2.19 10.3

3.66b 2.18b 10.2””

3.29 1.76 12.7

3.23b 1.99? 11.9b

9.9 Mole percent ammonia

3.52 2.63 9.27

3.52b 2.614b 2.29b

3.39 2.5a 8.83

2.97 2.29 7.97

2.97b 2.2ab 7.85b

11.8 MoleApercent ammonia

2.79 2.31 ’ 6.83

2.36 1.97 5.95

1.89 1.98 “.69

”extra/“fife

 

2.31

1.28

1.27b

n.9u

3.36b

1.70

1.70

1.78

.1.88

9.81

6.95

7.78



TABLE XIII. ( continued)

Sample K-9

Temp AF

PC) (gauss)

'10 2.9“

'ul 2.5“

'69 2e2l

85b

19.2 H01e_percent ammonia

$1.4(hfs)

(gauss)

2.50

2.16

1.77

  

Sp(extra n ’“hfs

absorption) extra

(gauss)

7.145 9.77

6.51 ' 9.31

5.68 3.19

‘%panra were fit by the superposition of two absorption patterns. One of these was

39
0w mnmsian hyperfine.pattern arising from electronic interaction with the K and

ulKnuclei. The other was a single absorption of Genesian shape. The routine alternately

adhered the parameters for both of these patterns. Except as noted, initial adjustment

was made on the single absorption.

hm.
he hyperfine pattern was adjusted first.



 FEQUre I6.

86

A potassium-ethylamine-ammonia sotutlon showing the

presence of the extra absorption
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LITHIUM

-65- 0.0 MOLE xNH,

 
 

-80' fl L3 MOLE % NH;

2nd derivative presentation

     

  

-75° 5.2 MOLE 2 NH;

 
Figure 17. EPR spectra of lithium in some ethylamine-aunmonia mixtures.
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Below -90°c the line width increases as the temperature decreases; the

spin ooncentrstion decreases over this sane region.

In s more dilute solution of lithium in en e‘tlv’lssine-smenis

sirens-e the euthor observed e spectrum consisting of nine lines spaced

stintmslsof2Jt5sOJG. Therelstiveintensityofthseimmsr

linssindiestethetthelvperfmsplittingsrisesfruintersotionots

Weds electronwith four equivalent nitrogen. Theesntrslnne

issnchsoreprouinsntthsnenyeftheothersindiestingthepseseaeeot

snutresbsorption. Confusnslysisshevedthsgdulneotthese‘hlo

psttemstobethe ssnsgnsneh.g’-g.-2.0019o Thegdvslnesofthe

two species and the lvperfine interaction. ‘l' are indepmdsntettsnpsrs-

tnreoversrsngefm-SO°to-98°. n-so’cthomoumhocnn

hyped-rinseomponentsisobservedtobel.8hc. Thelinewidthoftheer-

trelinesppesrstobeslightlyleesthsnthis. Bothinoreesingtenpsren

turesndincressingeonoentrstionhmtheetfeototbrosdeningtheindi-

vidmleflneflnuendtheextrslinmthelineudthoftheutre

linsbsingnerssensitivetoohsngesintheseperenstm. Thssdditisn

otnnsnissppesrstsresnltinsslightinensseinthelinswidthot

thssetwospsdes. Inmaingtheementrstionotsetsldsohssthe

stfeototreduoingthenplitudeottheesntrdnnewithrespsottothe

Winemttern. Inthemstdilntesolutionstheextrsnnesssthe

predosinsntspeoiss. Uponfreeeing.thewpesfinepstternsndutreline

compactoumuim(s,-n.52 s; 3.2.0019) .1; -98’ . Uponfur-

theroeoling thennswidth Wu(..g..s,-1o.98o.t .120°c)uun

den-suing mentors. Below-130°C it is clear that the spectral eon-

sistsotssinglsnsrrosebsorptionsuperinposednponsbrosdsbsorptisn.
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The broad absorption appears to consist of unresolved hyperfine split-

ting. The aim-1 intensity decreases markedly at ~98°c and continues to

decrease as the temperature lecreases. The low spin concentration made

resolution below -150°0 difficult. Upon waning. the single uh. re-

verts back to the hyperfine pattern and extra line at .35 to -87°C.

Wmingnsultsinmearingotthehyperfinspattemandextn

line so that at ~35°c only a single absorption with broad tails is ob-

served. Above 0% the line width or the absorption decreases very

slightly. However it appears that washed hyperfine splitting nay

be present up to +50%.

rhestabilitpotoursenpleswasnuchgreaterthanthatreported

by other workorsUtB). The samples prepared by the author were stable

for over a week. During this tine they were stored at roon tesperature

and were heated internittentlv to tuperatures as high as +50%.

5. Absorption of sodiuinsetlvlmine endthealloalinetals in

athlenedianine. When on]: a sings absorption is observed one is not

Justifiedinassigningthisgmuthemer. solvated electron.

ersnyetherparenagietio species. Irhusweutillgroupthesespectra

together until further svidence can be presented neriting their assign-

ment to any given species. The gdvalues of several single absorptions

are given in Table 1?.

Solutions of sodim in nethaianine give a weak signal (approxi-

sateh5x10‘6x)anddisplayag-valueof2.0017s 0.0002 andaline

width of 1.155 G. The g-value is found to be independut of taperetnre.

Above the melting point of the solution the linewidth increases with in-

Wtmporfimros noreover. below the melting point the linewidth

was observed to decrease with decreasing temperature. There is however
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:5? IVa “£100! of Solutions Whiting 0813_. 51m. We

...-...

W‘—

 

 

Solvent A mm A #A

lithium Sodium Potassim 22an Colin

mg 2.001 a 2.0012 a 2.0012 a 2.0003 i

0.001‘ 0.0002‘3 0.0002” 0.0002‘

(23‘s) (23°C) (23°C) (23°C)

hassz 2.0019 a 2.0017 s ' 2.001? t

0.0002‘ 0.0002“ 0.0002“

(23°C) (23°C) (23°C)

m 200021 i 2.001? * 2.0018 ‘ 2am * 10% t

0.0002‘ 0.0002" 0.0002" 0.0005‘ 0.003"

(23°C) (23°C) (23%) (23°C) (23°C)

‘Rderenos 68.

bReference 6.
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adisoontimntyinthebehaviorotlinewidthasafunctionottenpera-

tureatthenelting point. is canbe seenfron'rablem. the present

data are in excellent agreement with those obtained previously by Yes (68).

The addition of ethylanine has the effect of broadening this line.

it Mficiently high etlwlanine concentrations . a composite pattem ap-

pears. eonsistingofasinglenarrowline superinposeduponwhatappears

to be a four-line hyperfine pattern. The hyperfine splitting arising

from the interaction of a single parmagnetic electron with a 2311a nucleus

is given in Table VII. The gdvalues of the hyperfine species and of the

solvated electron are given in Tables I! and 111 respectively. At roon

tuperature the concentration of the monomeric species and the solvated

electron were approximately the sane. '

6. Kinetics of decomposition as studied by am. With the snoop—-

tions of isopropylanino. n-butylanine. and Baetbon-n-propylasina the

solutionsotthealkalinetalsinaninespreparadinthis laboratory

exhibited extras]: good stability. Sons of the solutions have been

stablei'oraslongastwoyears. Thestabilityofthesolutions appears

tedependuponthenetal. Lithimandcesim solntionswerefoundtobe

outsiderably sore unstable than potassiu and rubidiu solutions.

In general inn a natal-amine solution was observed to decupose.

the meric species exhibited a first-order decay.

The decomposition of oesiun solutions is particularly interesting.

WWW solutions oi'cesiminetlvlanineandthehigheralm-

fines showonlythe eight-lineman.» patternduetotheeesimsono-

nor. When decomposition begins. as indicated by the decrease in the spin

emcentratienotthecesiunnonaser. thebuildinginotasingleline

(due presumably to the solvated electron) is observed. The electron
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TABLET“. demmm

 

h

——

W('0) s, (a...) :2 a 10" (...) 21 s 10" (...)

r‘“

.100 1.72” 1.75

.133 1m‘ 1.70

.130 1.81‘ 1.66

.120 1.09‘ 1.59

a 70 1.18" 2.3%

. 60 1.23” 2.0:.

.. 60 1.30‘ 2.50

- so Lab" 2M

- #3 1.4%" M:

. 00 1.22‘ M6

.x nr‘ an

. z: 1.3%“ 2.2:»

. 10 1.36“ 2.21

0 1.39‘ 2.16 2.17

e it. 1.10" 2.10

o 22 Lia-3"“ 2.03 2.05

. be 1.52:“ 1.95

‘m. m.

"msa.
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abaowtiasoontimestoinsreaseasthelvperfinepattendeoreaeesin

intensityuntilthetuperfinspsttera cannolmerbedeteoted. n

that point the electron absorption begins to decay. This process is

his! in lie. 18 for a solntinn of oasis: in ethyl-ins.

B. EPR Meanrenents on Metal-nine Solutions

(Paranagnetiokelaxatien)

Resentment at ’1 and T2 by the saturation method indicates that

.Tz.stleastinthevieinityetreost-perstue.

waddlnowpreoeedtedismssthelinswidthbehsviorefthe

bread extra line. the species in lithin-etlui-ine-‘onia solutions.

udmuamwmamammmum.

l. Themes-is spades. Oneefthenostfasoinsting features

otthel’hlvperfinespeotraei’setal-eainesolntionsisthedapendenee

etthelineudthupenmerrineesnponent. Thismolearspdn-dspendent

relaxation appearstobepresntinell solutions studiedinthis lab-

oratory except for solutions of sodius in ”Maine-ethyl” mixtures.

Itaqwellbepressntinthesesolutienshutbeebsouredbyetherre-

1min phone-lens such as “all or gin Mange peneessea. The

efleetisaostpronounesdineasiun solutionsandbeoonesinoreadngly

lesapsonounesdasenegeestethelighteralhalisetals. Theeffeet

appecstobesiightiyasreinevideneeisthshighersuqi-inesthan

insstm-iss. (Itisdiftisultteasoertainthisadthoertaiatysisee

theapparenteflestsayinreantybeareaoltotdiflerentsetdoon-

sentratdons.) Thedependenesupsnthemeiearminquantunuberia

ddiniteiysestpronounosdinmedi-inssasoanbeseentym

Fig. 19 tetig. 3. Morunstelyverylittle quantitative snabsisef

1'1
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Figure 19. Decay of the EPR absorption of a cesiumpethylamine solution.
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this sledependent relaxation has been performed to date. The experi.

sent-ally determined values of the coefficients of the expression

Gl-cotfilxtcritca'i

are given in Table XVII for those solutions upon which such an anal-

ysishasbeenapplied.

hepredollinantooeffioientsappeartebecoandcz. Theda-

pendenosuponaxthreughthirderderisrealbutthedeviationsfrol

aq-etriepattanas-eso-allitisdiffioultteneasoretheeset.

fideats of the first and third-elder terns.

Thedfltienet-oniatestm-inesolutionsofthesstals

broadensthelinesandreduosstheapparentdapendenoeuponsr nines

seat at the studies were node on satin-sud solutions and the solubility

isinoreassdnu-kecnyupcnsddiuonef-ouihitisdiffioulttesepe-

rate contributions to the linewidth caused by Ila-dependent relaxation

pseeesaesmdfmthessdneuenohangereaotions. Indeed.theline-

width of suples with appreciable unis content was less for the en-

sdurated than for the saturated solutions.

The temperature dependence of the co coefficient vanes sat-Reilly

frunetsltoaetal. l'orpetassinsolutieascoisnesriyindspendent

ottesperahrewhileforoeaimselutiossitisastrongmef

taperature.

2. Thssolvatedeleotsen. Thebehaviorefthelinewidthot

the single absorption due to the solvated electron varies nsrketny tron

setdtsnetal. Pornlutionsofnthimrubidimandoesiminthe

uinssudfldnesthelinewidthinoreassswithinoreasingtupera-

tereasoubeseenfros‘rsblem. AsoanalsobeaeenfrosTablexvm.



983

TABLE XVII . Analysis of Malena-“031111 Dependent Relmtion for Severe].

fietdbdhdnenumixmtdbdunnenmmunnn.adhfinons.
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We c0 c1 . 02 03

0°“ 9.2: 523: 32: 9.2::

10 7&2 ' 0.235 0.335 41.021

0 6.75 0.323 0.336 0020

.10 5.73 0.322 0.351» .0.029 ‘

.20 5.16 0.30 0.300 ~ «0.032

~30 1095 0.327 0.006 «0.023

Jéo 4.5-3 . 0.299 0.333 «0.032

.50 0.02 0.221 0.0112 .0.019

.60 5.12 0.198 0.053 -0.022

.80 0.57 0.006 0.392 .0.001

9.2m inW

1mm (20 c1 c2 03

.05 10.79 0.37 0.600 .0.056

.50 . 9.9% 0.075 0.617 .0.006

.55 9.87 0.002 0.036 .0.015

WinW

Tapes-stare co cl (:2 03

a? Gums Gsuss Gauss Gmss

 

23 3.57 0.011} 0.161 0.000
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themvidthoftheextrelinedeoressssuithinoressdnztupsrsture

for alutions of petusim in the nines.

nthetheettMsu-itingthedependenoeeftheuidthefthe

extrsliueupenneteleonosntrstisuhsdnotbeenssoertnned.

0. Option. fissure-eats en Meta-nine Solutions

The results of quelitstive optioel spectre teken in this lsb-

erslery and elsewhere ere sI-u-issd in 1.01. XIX.

met-pasture end-suedependenoeefthevisihle. red. ad

infra-ed bands for solutions of rubidiu- end essim in etlul-ine-usnis

sinus-es sre smile:- to those observed for pets-sin solutions (#2).

D. Meta“muon Sodiu-

-Ethylenedi-ine 0.1m».

Beomss of Wei. diflinlties sell: one noossm esn-

met-use seem-cent use obteinsd. This velue is given in tehle n

a... with the "loss observed by was (71).

E. ViscosityWeen minus

Wain ad ”hi-ins

'l‘he densities of usual-ins and ethl-ine ere given ss

Weof t-peretm'e in Tfle n1.
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1150.; XI. ~“(hauathzojflnoe of 80:11:. in Ethylenedisnine.

 

..._‘
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0'} a 1:1:2 Equivalmt Wau-

me 25.5‘

0.96 25.5‘

3.65 25.3”

3.23 25.9‘

1055 $0.3“

'Ret'ssenue 71.

“this Me i
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rm E. Visoosijies of Maine .d mm...

 

 

1W mum-un- Wanin-

’1“ midi?” # 000:5}de

296.8 0.250

296.15 0.239

$9.2 0.276

$3.2 0.299

273.2 0.236 0.323

33.2 0.285 0.333

263.2 0.291 0.3?!)

258.8 0.300

253.2 0.331 0.015

$3.2 0.372 0.136?

239.7 0.1337

2}.) 0m

233.2 0.182 0.588

33.2 0.1380 0.?30

223-2 0.671

217.5 0.800

213.5 0.552

33303 0.665

33.2 0.83



COICLUSIOIS

A. The “figment of the Optical burpuem

l. Them-redband. Themfiefmton. me. fieldenendnu't

(#6) leaves little doubt u to the correctnes- ef the “tumult by Dye

and Develd (33) or the nan-ma bend te the eolveted electron end .3.

gregetes. . '

Aeouperleohefthe epineeheentretunetthe manna ettrl-

buted to the eolnted electron with the ebeomeaee of the buffered bead

Mantel thet in may ”tel-nine eolntune the electron mete largely

in din-gut“ aggregates.

2. Theredbmd. Ifue nemthattheequilmmetatter

therewtinn 2147-”!2 lathe e-eh eelutim he 1t1ehtbe¢uphue.

nemptedietthe concentratioaetflzfrutheneemed epineeneeu-

trutunetthenono-erle epedeeu. heredietedeeaeentntuhetltz

1- given in Table m: for e number of metal-cine eolntfims. The agree-

nentulthezperhlent u canbe eeenbyeuupeflng Table. XIII end m1.

mun-1mm. Indeeditughthmbeenexpeatedthatthem-

bun: eenttnnt would hm been alanine-nthW n a reenlt of 41!-

tereneee e! eolntm between H and 142.

If. a: pointed out by writers in thle label-uteri (#2). the red

baduetbeudcnedtetheln;4-——12;trmdflnne£theduern

tutu-«ting mm mm. mm. mm. doee the ‘12,}..— :trm-

title: ”our?" By marina with the higher energy transition 1t night
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301m Dim €19an hole-lutea:

“ Sodiu- Poteedun Rubidiu Cell:- #

m2 6 x 10'"3 2.7 x 10"

ms... 1 x 10" 3.6 x 10’” 1.6 x to"

ma] u x 10"“

noun:

~sz 9 x 10" m x 10" 6.7 x 10'“

um: 7 x 10'“ a x 10" 3.3 x 10'”

34:" l x 10-6 3 x 10-6 1.6 x 10”

1.2m» 6 x 10'“ 6 1 10" 3.3 x 10‘3

L

1.3.9121 9 a 1n 2.!» x 10"“ 6.7 x 10"3

b
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uwmtmk;+—kzunumwummm

Wrench. there new Ippeu-e te'beeune experheatel evideneete

abstentiete thin. As heeboeapeflnted eutto the “the: (105). the

Winfreredebeorptiontdlemreuhentheredbudlepremt

“mitt-absent. Hone-meethettbielednelerelytee'er-

1-pu1thth.‘n;¢——1£:umnmnmbopomodmtthau¢

overlap would mm: reenlt 1n leu tuna; er the unwanted inn-end

ebeerptua.

3. mum.m..m-mwmamwot

MMQmMZ)tbettheudblebeadlenetdetethewe

eyed.” respondble {WW gutting. A melee! e! Tablee XI

udmlndieateeneupleteleeketeemletinbetueentheepedure-

Nefertheaepmeaeg

Unfortundehthe ark reported in thin thesis thme little

Mtuponthehemreeftheudbleepedee. mmytmumtu

m1! thetthe species which gives fleet. thefllihle bend cannot

elusivenoeteeehcpmmd. Medeeenetemulndethepudo

Milwthettheudble Weflveerleeteebu'eedMebeu-ptua.

lftbevldhle ebeerptiea hung-o" Mu upmamw

aye ad herald (33). tn peedbleWe ebeerptzleae eenld renlt.

mmddtheeeleatrlpletabeorpuonrenlfincfmtheutem-

eetunettbepemecneueeleetreaefthenzeereuththeeleetun

wnuonndormxgm. nn1m(56)hummm

lineudthetetfipletcteteebeorptmn‘lmby

1.51 .. 1.0/10) #2082 + as - 3) [(3/2) + (SM/(1 mfg) + mmfit’ffl
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Ihere

#2 - um LID“! 2 + (16/3) unfilz + (124%)

and D is the fine structure tensor. To give the reader a idea of the

multitude of triplet state line width- ue uh thnt for the one of

nephthelene diluted in dnrene (106) where n“ - -3 x 109 Opel n++ .

n__ - -o.21 x 109 cps. g - 2.0133. end at. is taken to be 10"-1 nee.

glam”. greeterthentwhnndredgnu. Itvould thneutbe e

duplentterto eeethenephthdeue epeetmi- ablation. Reina

(107) he: discussed thie ”able: 1! cane deteil. ,

Thin eeeueternleenttheudp-entefthemaeerpfiahin

Manama.» eolntiene te a triplet Me Hake" specie»

Sineethelineuidth «22% iaenlyeftheerdeu-efOJ sense. both

the fine eta-nature interactioh and the correletien time would hm to

be extremity can to mt?» the ebeerved epeetre. tor cap]...

it e eon-elation time of 10-11: see is chew. the fine Mature tenor

mld hm to be only 10 G. t

A second possibility of an m ebeerptien arising {m the

neleeule-iea would be the intereetiea of the per-unmet.“ eleetm

a the 11; core with the two equivnent ma nuclei.

liveleon (108) bu m thst nah intereetin m1 rum. in

eeoatributioatethelineddthgimby

faking) :- ROI <12) .. <e) 2] l§l2

Ihere (a) in the meme splittim conduit. 1(0) ie the amplitude

er the renounce. The eeeuler line Iidtheior leg u-e given in table

mnemotionefml. mommapmdmotrglmnzu

Int interesting. Unfortnnete]: since an taperfine interaction
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«mm» te 11;“ am the m eqnetia u .2 11m. nee u

indirectly. Weebeem. m.theteimtheebeerptienin

Mesa-in eelutiene dimlm he hyperfine Itnetue end

mumMn1atm-mpr‘z'1ummummo:

themes-tine apnmu. venet «mum mrzmn) . 6210’? eee

thtt (e) ism-e11. mecca-atthetthiereeenaeeieenhqe

mat-mummumamangwuwu

benevudmetheremcendeheuieelpreeeeeeemldledte

hdmntherthum.

Onthebeeieeftheeetnmththentbrteelethnthe

m ebeerptien paint in Wendi-in eolntipu emet be

«mum te . mp1» 14;.“ or :13. n u puma. m the valenee

electron e! Hzoe'. experieneee very little or he triplet etete inter-

utiuermcleerbyperrineinteuetiehndienfl‘ieientlyntieully

wuwrumabmdw.

Itnqdeebenetedthetnzm’enldeuietuaduletin

thieheeeeitmldbeapeetedtobedie‘upetie.

Mmtmmmmuormudbummaq-

pen-tethenthertebemdiffieulttedeea-ibeeuthebuieet

Wmmdele. The-e cheated-ties ere (l) the narrow-

neundhighmetmiehthebudeme. (”themed-nee

eithebudpodtioneatheletdneed.(3)thedependeneeettheeh-

eeueeetpreeeuoeefthebndmnetd.(h)theaeuuteetinter-

mdnnefthebud. muwummmmo.mm

the «lip-est to n". eetilteeterily eupleile ell e! theee cheru-

tea-intiee.
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B. The Antigua“ of the ER Aburptieae

1. Theraperfineepeciee. ummmm.mu~

'mdmmmmaummmnmmupm

riee te lava-fine eplittiu met imlve a tingle per-auntie elee-

tleeintereatinguthnnngle maintdmelene.

mugmtndeendtupeuturedependemeoftheWeplit-

ting precludes ”nip-eat e! the-numeric epeeiee eolelyto eolveted

eteus. harderteexpldntheteupuetoemdeelmtdependeneeef

thbperfineintueetinmwrkeninthietieldhmbeufereedte

retort te either ample: Minna-y etete-edeleerulti-etete model-

involving equilibrim between eeverel epedee.

Ihthie dieeertetionue ehlll ettenpttedieouu whine and

thet-penturedmoeeeftheeeehitteintheliMefuI-nt

ledele.

at us first review the phenom-loci“! thee” for canine.

wommaumnmmn-mmmawm

“QWIegnetiofield

“-2.003 33.3. (gm) §{ix(§.:i)]+!fi(§.z+ioa (32)

Metheeeeondtengiveetheepin-orbitinterwtiuinmohiie

theveetor potential thet gives e etetie upetie field externally

“Mud'fiiethelineeru-eutuopemtor. fineneleetriefield

inflicheueleotronme. Thethirdtendeeaibeetheerbitd

Zeunintereetion. Thecehifteeneedbytheeonbinedefleeterthe

Mtumommmmmuamw

As. - 2.0023 - cob“
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. , _;_ a! x. (on?! x i),/n)(n/(§J + My.)
A8 .-I_

n 22

'0 B. B.-B‘

 

(33)

m B. denotoo the necnitude of the extend. nonetio field.

Rogeflneuofthotheruee-ployo ototionory Mendeleru

equilibrium nodal we not ot lone point confides- . opooioo exhibiting

Mable spin-orbit eonpling. Traditional: Mt eonplinc hoe

beenvieuod u mungfmintereetionbetleenthemndondemdted

orbitals of one paramagnetic electron localised on o eontnl net-l

etonorion. Inmohodtnotionthegmndendemudotetem

levoloere oddtebeoonpledthrouhepin-erbiteonpliu. moheonp-

ling givoo rise to o negative g-ohift. thot i... o wane leoo th. the

free electron.

”canbe oeenfronooneuluncnblenthioiointhoright

direction for g-volueo eboorved in thio work. However it one eonoidu-o

l'ig. 15 ond'rohlelone ooeothottheg-velueoere otrondytqeretnre

dopendenttor rubidium and oooiu oolutione. Thiebehoviorionnea-

peoted in tens of the oleooiool picture.

In further eonddering g-ohifto end the tuna-Ito” dopendenoe

eftheoe ehifto itionoot convenienttoprooeedintheeontextofthe

eeverel Iodelo developed for noted-mine eolntione. We ehell follow

thetreotaentor mmnmm) enddividethenodolointotuo

elooooo. Itmotbekeptihnindtbet etc-odelpa'opooedte explain

c-ehiflo mot eleo expldn the observedW internationo.

mmmmm

o) themadingortitdlodel. hhubeenproviondydioonooed.

thio nodel viowo the none-erio oped.“ no being on elk-0.1 netnl ion

Wed w lover-l eolvotion epheu'ee of eolvent noleonlee with the
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per-nepotio or valence electron density epreed over there I“. but

with the density nuinun loo-lined upon the outer eclvotion ophere.

The eolvotion binding energ of the oooondery eclvotion epbereo io

viewed ooboingontheorderotkr oothot uthetenperetureio

roiood the outer oolvetion sphereo drop off. Thio is viewed to re-

onltiu in the oloctron density moving closer to the now. undone

thne increasing the hyperfine interaction. mutton mechanical: this

ie viowod as on expending spherical: metric wovefunotion

V“) u (would)

Iron nondisction it io easily sham that l n {3/2. If e io e di-

nendonloeo redid vorieble.e io oiwply o ocoliu rector which deter-

nineo o now variable o' - ole ozqareooed in unite e tineo to large on

thoee in which 3 ie neomrod.

Sincefor cache-odelfieo. the Acmldbeprediotedtobe

oere. This result is rigoronely tree end is eonpletely independent or

thenotnreotthoenitedotototowhichthegronndototemldbo

expected to be coupled.

l'lmo we met coupletely reject the oilple (opheu'ienll: lyn-

netrioel) amending erbdtd nodel.

h) Theodnixtnrenodel. the oinpleohixtnrenodelvimthewove-

Motion of the paramagnetic electron of the nononeric opeedee no

beincuemixtureofcroundoteteoondeuitedototecrbitelo.

Mumple. thowwvefnnotionforthopotuoimmwonldbe

‘1’:- a Win) + B Had) + Y Wu») + ms.) (34)

Sineethehpmdfierbitelohovenodeootthonclewoendtheh

erhitdiooppooitein dgntothehoorbitolttthe-Ioleno. ow

nohehixturemldrednoetheoonteotdenoitvwithootreqniring
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on drootio o change in the noon rodine of the electron diotribntiu

oo required by the oinple mending orbital nodol. The “efficiento

ofthevuionoerbitelomvieweduheingtupernnredependent.

TomldntheohoervedinoreeeeinWeplittincwithtupere-

tnretherotiocfponndototocrbitdoontribntiontoexdtoderhigh-

erototecontrimmnieviowduinoreuingwithinoreemt-poro-

tore.

Let no nowexuino Itch anodel in the light of c-ehifto. i1.-

thoughuchmechnirtnredooopredictthecorreetmathepwt

themsnitndooftbez-ohiltinuldbeeneotedtodecreuewithin-

ereooiutemperetnreiftheed-ixtnreotototeoofnon-ureorhim

ongnlernomentnmiotobevimdui-portlntindetemmtheob-

eavedlvperfineoplittinc. uheodreehbeennotedthenefitnde

ofthenegotiveg-ohittioexperinentellyobeofledteinorouewith

inoreodngtupootnre.

Ifwmhrettinthedlplemmlwenutviow

thedecreoeeinlvperrinemlittingwithdeereeoin‘t-pcflnreeo

mymummwm-mm-mmm.

Intootuohexodtedo-ototoodnixtueuotefloettheroveroetrend

for etoteo of non-sore orbital mulletm.

90 Themed-inure“. Thienodolieeqnivdentteview-

ingtheohengeinhyperflneqolittinguorioingtrontheexpnden

oreontroctionottheolectrencloududeooribedtortheexp-flng

orbittlnodelendtheg-ehiftucidncfrutheetixhreofototeo

ofnon-oerop. Thioioeqoivelulttotheeeeedioenoeedebcveetthe-

ethixtnre of ground ad emoitod o-otote erbitnlo «counting for changer

intheIUperfineinterootionondtheednixtnreetp‘Oottteoemtiu
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fcehmeointhepdnftwiththeemeptionthottheeaponfln‘od.

nixhrenedelmldroqoiregroeterehengeointheneurodinootthe

electrondiotributdon.

d) The covalent bondim or charge-trader nodel. in can be oeen

tron the phenonenologied equation for g-ohifto. the nonitndo end

oicnottheg-ehiftwilldependnpontourpmertiooetthenoterid

uderillveotigeticn. Theoe ere (l) the orbital Insular nonentnl of

the electron. (2) thenotnrocfthe ground otetevueMction. (3) the

noturoettheexoitedototowovemction.nd(h)theenorgoeporo-

tionotthegrcnndondemcitedotote. Itietohenotedthottheoe

Mommtindependent.

Treditionell: the ground and excited ototo "reduction hove

heenthooeofthenetdetoneroentrelnetolionndtheenorgoopo-

rotionhoobeonthtthetweenthegronndendemdtodeleotronicm

lmleofthenetd.

known-humoidertheceoewhmligond-Ietdbondiu

(portion-r): covnent) or ligand-electron intereetion ere affluent]:

otrencthetwecennelongerrepreoeutthemndendexcdtedwmo-

tienotoegcodoppuadnotionintoruotnotelerbdtele.

Thegronndototewevetuotionwhiohwemetoonoiderionowo

nelecnlocmmwetnnctionotthetwpo

Y. II I {E -f(n)'+,§10~’.(e1)} (35)

m Ldmteotheoefiitdefthedkninetolwbreton)

end o;(.‘)1.th. a’leleculer orhitel eftheith eolvent ncleeolo

direetodtowerdthe elkelinetnlttonorion. The o’erbitdio
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nouedtoboeonotrnotedfrontheopahybridioederbiteloofcerhon

ondnitrogenendmthooto-icoerbitelootthehydrogeno. Inthe

ebove expreuion. we denote the entibondinc orbit-l bypooitive J).

Itiotohenotedthetthioupreoedonwillgiverioeteo

g-ohifteventhonghoopherioelJJq-etricel o-oteteoftheolkeli

Ieteletonionoed. Innohocuethec-ohiftiooeenteorioeh'on

the non-eero orbital enculor nonento of the eclvent noleonle erbitolo.

The-etelwovehntction éeflq.35oeneleobeenehixtnreof

cloud-toteeondhuheroreuitodooinlq. ab.

rod-ileu- expreooioneenbewritten tutumnztn.

valence electron interootin; directly with the eelvent.

1’; - r{¢, 709* 5103(3)} (36)

on. ¢.iethewoveMctionofneleetreninoephe1-ieol nun-even.

is with the previolo expreoeien the min-orbit eonplinc erioeo

mmsfiomum eolvent 04..

I: we abotitnto n. 35 into In. 33 the following man»

for c is obtained

Ac-Em [fi-fi] (37)

m E iotheone-eleotron gin-orbit interaction par-cm fox-the

hemmetnitregenflheutwredtheintorootioncfthenine

Ioleenlewiththenetolinio Ichthet mambo).

nmmutmmm.mmutumnuth

mmwmnalnnennfiorflteloetthenetoliopere

nittodeneobtdnothetollowinceqnotieo
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.n .5..-_£2_.— + . Lula."

Angmm‘ P) [431’ ax‘ - gut-1 P) [Axb m" J

a

an

+(..t 5-1+2'... )[H-‘2[2’: 1510);;- AE‘ ( :1! [Eg- AE‘ J

Aeoenbeoeenfronqu.37end38.chu-getrenderinterootion

(Alb-the oepe‘retion between thegrcnndototoendtheohorge trenofer

ottte) results in o positive g-dlift.

Hadlzinsqo.37end38relotetothebondin¢coeftioiento

between the nth stun-or 1.. and tho eclvent noleculeo. Ax“ 1. the

motion between ground ad united Iolenler orbitdm levels.

Anmluttimofthemmdltlgiminhbleonlndl

internoofequetionoj'rendjfliogiveninlppendixl.

Thotenporeturedopendenoeoftheg-ehiftintheeooeoth—ay

Ulldbeflewodummmeitherenimeeehletd-Iolmt

bonding or o dooc'eooe in charge-trend» interution with increeoing

taupec'otnre. ‘ .

ilthoughthe'eclvent spin-orbit infirm Iodel. “we am

all the nodol of Eq. 37. explain the c-ohifio and temperature depen-

dence of e given netol-e-ine qoten. o look at Teble 1! ounce no to

«ed-ion ito applicability. Ao cube eeen he. Tble II the g—volne

in relative]: independent of eolvent for o given netel but io otroul:

Won’t-iteregiveneolvent. Thiotoroeonotetheeoncln-

donthdfifiOototeeororbitoloofthenetelereinportentindo.

tecIiningAcendthetenperotm-edependenoeofAc. Thiodceonotox»

clndethepoooibdlityofooneoontrihutionto AgfmnitngenZP

orbitals.

 

(38)

  d
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Sineetheobouved Agiolerceendnegotiveweeeulndethot

”Wh31«‘2-

lneonclndonwetoelthotthonooteppowioteupreooionfer

Axinvelvingonmoototonodelio

Ag.- {(B}:(1|IP)+Y2§(HD)olE(HF)olflmfl [%~--:2r-]

A! A!

Me!1«x2md31~o.

m—mmm

Achoobeonotetedintheflietoricd. Ddtenfim(lt2)hove

deoudhedthotempec-otnreondeolventdependenoeofthehypertineopute-

tingendepinoonoentretionintenooteneqoilihrinn-ongnononerio

moiee. Bee-nee of the lone voluoefthehfo eboerved othightu-

peretnreetheyteoktheeolvetedetacothehight-perotnrelinit.

Thee-ehiftoofgueoueletllltcllmobeefledtobovory

neerlyoeroeeconbooeeninToblelx. Ire-Fig.15itioebviono

thettheoboervedg-ehittwillbequtelorgeethicntuperetnreo

(Themeepperentlyleveleeflotsmtoooonotent velne. i.e..

A. (c. 1. mag) - c.0075).

Thnoifwetehotheeclvotedotonuthohightupertm-elinit

wenotviewthegvolneotthioopeeioooobeingneotlyeflectedw

thoeolvetionprooeoe. Itmotbenotedthotonthebooiootpreviono

mtothiodittnotciulc‘elyfnntheechixtnreetpfio

elhitoloofthenetel.

Inn-logwiththetreetnutofbeltenfig‘weoouethe

lowtuperetoreepedeotoheooclvetedm. Thetuperotnre

dependence of the g-ohift feroeo no to the conclnoion that the g-velno

iepooterintheeelvotodnononerthnintheeclvotedoten. This
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would have to roont row on increase in the inportonoo or higher 3

states relative to S i 0 out” in the wmfunction for the monomer.

The czporimantal oboorvod Ag lo relatod to the Ag of the atom and

monastic:- by

Aflobo.) .- F‘AEA * RAE"

whore PA and pi; arc tho concentrations of atoms and numeral respec-

tively. Tho lock of omt between the values of pA/pg obtninod by

the tun nothodo forces no to conclude that the equilibrium "guanine

for the 5..shift cannot be the eta-monomer equilibril.

'r'e aunt DOW amigo: tho process romlting in the Wotan

dopondonco of the g-flmift to In equilibrim between oolvotod notional-o

endothird qweioouhichwe shell osmotobeonionpair. Since

the oquceofthewovenmotionofthopormegnotioeleotronino col-

votodion-pdrwouldhoeaqaeotedtohmmflyevery null contact

dendtretthcnctalmclououotoke ovdueofge 2.0019 (thevolne

of the oclvotod electron) for the “clue of the ion pair. The [oohift

in now given by

Adam.) - 934933 + pales

whorethewbemptoamdcwfcrtcuzonommdionpdrreopeo-

tively. mmm.up3fin+pc)obmmdmmymotnupm

nmtltemdonpeirequilibrimendthevelueooprKpBepc)

obtdnodtmnmflJdeoTthehypu-rineeplittingintemoofmota.

m.imhpdrequnibrieoreoupmdinnblexxmmdtheplot

oprVhtenpcntmieMinFia. 20. mummontinngree-

mtpoovidcoetrongmpportfortheexiotmod'themmpdr

milibrim.
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Figure 20.

 

Comparison of p§ obtained

from analysis 0 hyperfine

data (triangles) and

independently frOm g-shift

analysis (circles).
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Thiobedutheeueweerenowfeeedwiththeprebluoteenu

mmmmumwmmmm

tnredepeodenoeefthec-dtitto. Tlopoeoihle nmm«.mtu

unboundorthehightnperotnrebehoviorotthex-dzitto. Theeeu'e

Wmmumab

i) Gael. Ifweviewtheobeuvedc-dtittubedueonotentotthe

higherte-perotnreothenwonoteeethedenendmoohevin‘

equivelentuonntoofiglOertitelootthenetAldn-dintetheirm-

We. mmummmatummm

inthetuqeeieeuoldbeviowedinthioeeeeuerioin‘trenthe

peotereatutofethixtnreefenitedeoteteointhonenener.

ii) c...z. Sineethereioeondderehleeutterinthedotootm

Witwbethotthewolneimueeuthinereomten-

m. um.....wor)+v¢0m)+w<n)mum

www.mmmumumm.

OnthobooioereziotluWoleviMeecueleppem

tobethenorerealiotioefthetwo.

loo—mneuelndethettheeboervequlittiu

ads-dittombeeupldnedenthehedoefeqonibflomm

“...-ammo. Thenetueefthog-diftepenitothode-

tailedepedfieotionetthewovmeftheoegeoioo.

mmxmmuum»

‘fflon pair) :- l{§. vohri‘g O;(e1)}

m§.1.mm¢-Wn.mwnm

onlywoohlywithenedaeoentnotelnclm. Mouveeoouerpreooion

forthec-fiitt
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Figure 21. High temperature g-shiff behavior in light of models

for the solvafed atbm.
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Adieu pm) - (gum) [—2.— ..l]

A! 113‘

or. meeting charge tron-fer interaction

!2 EUR?)

.43“

mum-muiuthonaeetmamuwn
tunmu

«perinatal evidenee io given in Agenda: 1.

The motivation of the none-er io noon to be

mum-e) - flaws) +(mm 4- Man) + mm + dams)

 A‘(10l pm) I "'

wide-‘8
Maureen-Ito adores-lentorthec-ohittcivenw

Adana-er) e {e £00) + hint!» e €50!) e dang [:3— .. .53.]

An‘

Wolhelleunnethn 5%— .0.

The

Ashen-er) . - {. gm) . 1.13019) + .200) + 43mm} 2%-

"launderetionotthodepudeneeefepin-ottiteonplin‘onnetel

nmmmuammuuummm

.dmumificmmmoflmmt).mm.t.mum

”iterate-m1“. Thedetdloettuotreehentmuveninlp-

purist.

Oontinincweviewthemtiontorthoetonoo

«Tc-ac.) - was) + mm» + W013) + Wcm

'f“’~§1é03“i’}



123

Thoditterencebotweenthotwporfineoplittingintheotonendinthe

mminothetd’>>oc.

Reflectancoherzetruoterwederivetertheoton

Add...) . . {.v zoo) + b' tom)                 

hCeeol. b'tzno'IZ-d'IZ-OuhileinCoeritielikelythot

"2" "'2' “2w!” «2‘» “2- ““2""?

Whotherwenueltetdonuyoteteereqnflibriunodel. In

euqalmticnofthetwerntnredopendenoeoftheg-daiftonnot also

Inlet the tunperntnre depudeuoeefthemmne oplitung wince both

oftheee phyoicnl veriehloo ereintinctoly relotedtothonotnreottho

nevefnnetion of the permqnetie electron. For ex-ple

+ 2 31a b (:-3><Jhua>

(“A”)

“mum;tppendixlthelz'oeelmlotedfru¢-ohiftoeuplein

thecorreetpngreodonofluperfinoeplittincvdneofronnetnte

net-d. endtrcn eolventto eolvent.

The reader near underwhy enlytwe oped.“ (ate-o end none-ere)

werereqdredtoeamlldnthetuperotnredependencootthemine

internationinpotoedu-etm-ineeelufienotilethreeqtedeowere

Wto eaqaledn the turpentine interaction end c-tdfto in cedin-

unineeclntiono.

The-cot roe-oneble eupl—etion for thin iothotthe concentretion

of the ion-peir is nearly tern in potuoin-ethn-ine eolntiono. In

feet thin eruption onledno the observed taper-store independence of

these-chino. Itnleceemoteelpldntbemmmintupero-

”Wdoptueim-eflwldneeelntiendtadecupoeition

endreceneretion(eeeli¢.22ondhet.lb2). Thehuild-npotdee-pooitien



124

 

2C)

E
S l

 
   Effect of dec0mposition on the temperature

dependence of the hyperfine splitting for a

sample containing 1.2 mole % ammonia. Circles

represent the hfs values of the regenerated

solution triangles those of the fresh solution.

Above 35 C. identical splittings were observed

for the fresh and regenerated solutions.

I 1 l 1  
 

20 4O 6O 80

TEMPERATURE (°C)

ICDC)



125

Metamufmfluw- (It kahuna-Mont

bWuWthMcmmmucnnndacM-phfiu

..an mum.) Mom‘mdnhuuduqldnthtm

mmwmumhmmmum

on!» untim- than in pots-W cautions. than column-

mmmamumnmmmuntm» mum-1n;

ofthioa-pdrhud-mmcuuydunnltfmmm

dual-outuot-omntho-huuud. “Mum

”WQhWIMRMWh-aumolmtmmm.

mmmmwmmwmwuuu

Mummufluhdld-npotmnn. mwpdrwuh

:mwmu—uawm.

mmmmnmmaum-ummuw

”Mdeg-MdWWMOBo-mdh

mun-cm” column. A. bu bun mil! national (1&2)

”mu-ammunbmmuu-muonmmwm-

.130. numb-anumuummu

MddnfidefuMp-rhdcdmouuuhuac

motor-0d. MWWofthohflndpmficmod

Minoan-purisfmrdatthomudthm. Ind-edit

mmmuowmmwm-oudflou-(ml).

mmManmlommufltdthom Buchana-

~hnpmoqu11m-wsuhmmnmunnyappndbycu-

mInd m. (109) to M81. ”Wain-.130 calm...

hfmutMomtmmmubounnnuma

cannot be It but 111-31th duel-113d am the aninh‘iml nod-l.



126

mmnmm

Mobmwmudthopflflmduh

thbncdaWWflde-vfiml.

Mgwdnofimmdhflmduthuadim

“momma“. manutmnmohntotma

“Mlnuahoflldfldthodimofpflfhuam

«W». nm-matumambwmaam

“dud-tanned.

Mumudethhmw

“Mostummbluofflnmofthnumm.

hmldthtflofiwafihmMutbn

“Mintflmwuthnthulvfiaddm. minding

nfimflmdulmtiltuwunmmqfimmdmnoh

thadekdiMflmunhu-Wmfrmuqd

tbPM3(uM?Q-8)munnmm.

z. muivmdoim. mmmmmotw

ng-Lmio.0002btbn1vadw. Mmsmmu

‘ «Manhunt:

a) mwmumuutbudmrmnm(¢..

2.0023). 250.10%ch mailman slit-13W!”-

pm a» ant-nu an up ohm-d putt mum.) - moon)

mbMummdemWodm

nacho-um. W.tho¢-vmo~dhuuthog-Mfthhdo-

mummuuimtmmmmmu

W. UhWoole-Wm-

utmmuummuMoWdW



127

sauna-«quantum. momma-mamma-

mwuimtnmmmmmummmma

an mama.W) of the mm mean... u- ...-hut

«mulmnmwduthwumuonund

MWMMde-u‘m.

1:) custom. ma. umtfisz)mmmmm

[mfflw gums]sawdmtuu-

mwxmucumnmmnmmn. In

«sum. thermodthomduu [Mal/[W Mu]

taWdWhtb-mmdumudom

(0.3. II"). that «Wmmwmnmuuu.

mmmmoruwmmu

”(-0170 + o'( n17.) <_“""_:Z ll( I011.)

ammumwmmwumuum

WMIthhih-Mmdammwm

o) mmwmccmumunmn-m

mowmmvado-m.

c. Morgan-www.-

norm-unufihmhmmudm

WWhMWhh-dwmu

mmonMtfimIWan-odw

Wounds-who. nichNWMa-drdaot

mmmmammmmmumo.

m1... unfilwflodqlmwmo

dpuflnnfinubnflodmmmmdm

mucmmtmnthoumn. wommmm





128

val-Inn node].- upabh of giving the h In trap-adultW0

mm.

“mm

nawum-uaunum-u-«mmum'm

MMfidcfiholéhmchmnM-u

mmmumdwdmwunmdw.

amusemmm-pmmm-nnmmnmaa.

“mummm.23adnum.h.thcudfldutud

mmnfiwupumummmtotmum

10W. mmmmm-wmmmwmn-

awm-mthuhthuumldu-tum-

mummumduwumnum

W(ml¢mfi~d$)dflumu§ow

WM:(0.1. A“. A” g“. “trauma-nun):

Mm)uuthmm. women-Inti-

wuammumwwumm.

waxmmufimouuuuwmmww

«mWM-umummwm

m-tmomm-pmmmv. Qumran-acum-

Whtbouflfidmhotthowmmuum

munmummmaandmuunmmw

unwodeMI-IW. tannin-Ith-

Mum-uwummmmuum

mdmwmumcmmmm

Wmmumummmmoummdm

Mulmmfl. an-mmm-uubm.

muuumw¢wnmummumo



(
G
a
u
s
s
)

C

o

 

7.0

6.0

5.0 
  l I l I l

1.5 2.0 2.5 3.0 3.5

' n/T x 103
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