
Lawrence Berkeley National Laboratory
Recent Work

Title
HEATS OF FORMATION OF Eu+3(aq), Eu+2(aq), AND EuO1.02

Permalink
https://escholarship.org/uc/item/68p0b2sv

Authors
Burnett, John L.
Cunningham, B.B.

Publication Date
1964-02-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/68p0b2sv
https://escholarship.org
http://www.cdlib.org/


TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. 5545 

University of California 

Ernest 0. Lawrence 
Radiation ... laboratory. 

+3 +2 
REA TS OF FORMATION OF Eu (aq), Eu (aq), AND EuO 1 . 02 

John L. Burnett and B. B. Cunningham 

February 1964 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



~ · ... 

-~ \ .. 

... · ~ . . ·, . 

·-.. ·· 

,.,• 
. . ' :~· 

,• 
··.: 

.•·, 

. ~ .. 

. te~ Ba41t.a.tion tabora.tory and ~t ot Chem:lstJ7 
&&rkel.ey ,II Cal..U'ornia 

. , 

... } 

,. 
\ )" 

: 
'· 

·'' ,•,_ 

. . ~. 

·BATS .. til J'ORMt\'l!IOB OF ~u.+3(aq), ..... 2(aq)., Alm :&.101.~ . ' . 

',· 

... . ~~· , . 

,.:· . 
.. . ~ 

o~.,.· 

· .. ·' 

... ,··,:.·· .. 

·,·.' ·_,. 

'·· 

. ·.": 
._ .... 

-~-: ., ~ 
~. ~ .. ,.._ ... 

··.· 
··::· 'r· 

... 
'•I: .· ... :· 

' .. , ... . ·.~ 
·' .~ . .. ·' 

··.:· 

·.-... ~ ,, 

~·, ', 'I 

.' .·i. 

'~. 

~/ ·. 

,,.· 

\• 

~. -~ ., .. 
· .. : ("'. · .. I' 

. ,,1 
·.I 

,,_· 

· ... , 

··} 

.. ' 

., 

I< ••• 

.\ 

.]. 

· .•. 
. '\ 

'• •.· 

''• .... , 
.• .. :,. ·, 

. ·~ . 

.( 



~- - . 

-1..; . UCRL·lll26 ; i · .. 
>-:-,--.,. 

,' -;.:·· . .;, . 
. ' . . . •. :. ·.. ,. 

(.I 

.. ,- . . -· ~. , .- ,rohrl L. au~t liD4 a. :a. ~. · .:\ .. :, ·:~-~::.·;~f.'J·<~~~.- .. : :· 
' ... 

' .. · ..... ,:.: -~ 

' ,:~.- ~ ·. -. 

. '. 
v 

·, 

·.-
~ RA4Sat1CG Laboratoz71Ul4 ~ ot ChedaQ7· · .t· ·~,~~ .. -~:· r 

..... ·.. . . · · . . . Vn1vers1tt at ~orn!a .. <· i: .::. · ·· <.';'~·X: 
• ·.< • " • · ·••. ;• .. ·• •• ' ~kol.q Califbl'nla ·' · ' ' · · .;., vr~ ":· ' . · . .'. ~· --'f .. . I ··.'. ;"· ·-."":'<" ; ', .. · '·'· .•: .• ~:\.\.:::.~·· 

... ·.--::_ ... ·:-:··,tlWw\17~ .. •' .: .. .' .. '· 
~ • 'I •. -., + 

1 ~~-. ·,: • .~.,~.r ""' ... -_ . -- .. ·,. ... 

·~· 

. .. 
•. • j 

. '' ~ ·' 

> ••. ;' 

,-,_ . 
......- .. '• 

Met41Uo ~"" and ytterbium 41ft~ ~~ 1n meltlDs :point ad . 

beat . of. vaporb:atlon· ft.o. tho other nu.. earth. motals u Ge@ 1:l 'table I. ( l) · ~- .. ·:~· r ,. : 

Sinco ·the· metala aro .. retoreneo etat'c~a fox- thol"mocb=t<W. ~nte, :it·. · 

1tOUl.4 aea ~ble to st.tppOee that·: hclo.ta ad free en«qiedl of· f~t1on ot1 ~·-. .: 1 t· 

.. -tOns and ~ .ot thou e1em.enu m:4:ht differ aubBtanti&ll.l' f;ra$. ~sour· 

eubstClCel torm.c4 'b7 ~ ~· ~ eartbt!e .. Ho~l tb.e t;~c aata··. ·. 

:tabulated in thO U.tel"Gture tor: europium~ nave been~-~ 
: · .. ··. b7 ~lattotl ~ the plota ot a~l.e 4attl··on tbe other NN· M!!'t:ha 

. 't.. ~ . ; ('. . . . 

:>. > 1~, there.,.. to l)o ao exper.s.ntal beat w ~ ~ ot toraUou 
• . '': .'!'. • (' • ' ~ 'I' • • • ' . •.· .··~.' ' ' . 

· ·' · f!ata tor eut'OP1um ~ 1D tho 11tctrature. ,-._: · . · 
. ·.~ ' . 

' ·. · · · !be present PtA1*' ~ ·• ~t of tho ttcat ot $0lut.1Cin of·:..:· 

~-~-. ·.' ~- . .t&l tD-O~lB 101
1
. and tho ~10A.~f EuO (o).·:Ud a;·. ··-

.. ._-:--,· ...... . 
. :, ot tu ~·of eoltttiot.LJ.c 1.01 uoi. 
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A.. E\u'Op1t.W !'..Ctalo. 

Met41. 0&7.lpl.ea obtained c~1ally proved to be ~grephieal.IT 

quite ·pure With respect to <.eatbi.~m-l! impurities but oho'wod m101'0Scop1c 1nclus1ons 
. . 

or a f'1ne ~b.-brown povael:" randoml.;r eca~'l."(td throughout the ~le.. 'l':be 

nature of this~ is Wllmow, but 1t rondered the metal uneuitable tor 

ealorimet:7· A samplo of oattai"actoey meto.l was ldl.t<U.y 1'unl1ohed bJ ~fea&OI" 

Frank Spoddi:l(t, tho .chemical pw.'i.t.Y 4o.ta. tor \fhich is liVen in T&'ble li• 

'lbs ~le• were cut and cleaned i%1 a dry nitrogen atmospheM ~ .· 

bt bo111De liquid nltroew and CiUbGcquentl)" pusins the aaa t~ a trap e.~. 

liquid nitrogen tqxaratUI"G to~& water and t~ a copper wol ~ 

at @°C to ~e OXTe:M• 

A pyru ca.p1Uart pl.ueeod llith Apieaon W WlC p1eraed v.tth 1 :dl V v!re 

wa 1naerte4 into tbe bulb along •1~ a \.U coated bead·~ the neck ot the bulb. , 

The bulb was seale4 by heat!~ tho neok with a hot 'Wire, 'When thO bulb had . 
I . 

cooled, the W v1l'e .a ~ all.oving e;ao to re-enter the b\:lb, ~ w:U-e ws 

stuck 1n the l1P in the neck of the bulb to prevent ita loea. 1'he:l the wax. phz& 
.. 

in the cap1ll.al.7 vas quiekl7 :res~d 'V1th a tine point bot td~; the result1ns 

wieht loea and \Ulcertsirltf ~ ,.4 t o., ~· ."~1shinaa W3re 4one on a q\l4rtZ' 

fibre ton1ou balrmce (Boc!!&n.- U;.cioll W.crotech Services eaapmv, Jerkalq1 

Calltonda) CID£1t1w: to -o.~ ~· 

, · B. Europium Monoxide. 

The m&thod·ot ~ wrop1mu =moxide lid easentiaU, tbat 61~ 

b7 Natttdaa et. al .. ~2) oxoept tbt1t tho oonta.inor vas a tantalwa crucible with 

a clo#e t1ttine cap, · fhe euruptuil metal· axu1 europ1wa seaq\tioxide, both 99·~ 

.. 
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vas uce4 to a.llow tor oocape ~d the cap. fee cl't&Cible 4Jl4 contents were 
0 . . . 

earof\ill.:l outpaaed 8.\X\ tu.n beate4 to ·1550 C tor about tour hours. SVH• 
t'~ ._ .. 

) .. 

~~hie• ato1cll1omatric aud X·Ht ~ ot We preTt1on ere liven 

1n 'fable m. 1'l:W lattice ~ ot. tbe monoxicle 1a in ,~le ~t 

with literature Yal\Wa. (e;!S) - "~ 
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The cal.o~ ia eeaentiall.7 the lal'De as bas beC'Il ~tbed p:re .. 

viousl.r1 (
4) excerpt for a eisutrictmt tmp~t 1n the 04libro.t1on clrcuitr.v.·. 

~ beat capacity 1& eppro.d.m.tcl.T 9 calories,; and. the ~ture aens1tiv-

. tt~ about 1 ~ w·!»c, the tb.ermiSl · 1~ modulaJS 1s ' x ~ ... , min •1• 'lbo 

calorimeter t:br.&uber vas tbrmaootated at 25.00°<: 'but due to at1rr1ng, PO\lel" 

inpUt to the brlcSGe, otc., tho G~ state ~aturo w.a &everal tenths 

ot a degree~. 'llle ~tor the heat ot b~ of t.b(f calorimeter 

t.'Ulbs uw:a 4etcrmine4 'b7 b::'oakins ee~ bulb:l eontd.ning a tlmall. amount ot 

w~.. and vas t0Ull4· to be ( 6 ~ ') )( 10•
4 calm~ bulb ""1 r !hie comct10D 

and the correc:ticma tor tbtt heat.~ catut"Bttou b:t ~o(a) Of tbe &:7 sat& :tn , •· 

the ·Wlb aa ttw 1\vdrOeen •volved troiA the metc.1 wre applied ~ a~~~ .. 

··. · .. 

'lhe beat evoluUDD .e al~ ~toto ·w~:tMD. 'three mimltes. ·' 1':. 

accurate con:eot1ona tetl" ~1 letlkGge eculcl be ~.. Callbfttina heat. · · · 

' . .. :: .... 

~ '. . · . 
. .. -' . 

( '' ..... :. 
I· • ~, , • 
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.. •·.· 
' '. 
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tho exporim.cmtal. llrd.t.tJ ot e'l•.rcn~:t~~tor tbO 9~ corltid<met ·interval. 
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~ ou.r boat ~uta \rON ma4e at a ·tw tenths ot a ~ 

a~ 298.1~, tlvq ~the ltmie u 298.1h Ya1uea 'Vitb.irl ext~ 
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~ ~ obaened. beau or ~l.ution ot europiu=. motU are· 

tab'Ul at.Gd in -.eabl.o v. 
~ c~ reactior'.a involve4 whore tho Colution 1a eaturated ·· · 

ldtll OX7€:Gll SGll are. ~1~ w. be$ ( 6) 

_;:' :.- (l) 
.-,. 

! : •++ + a• + 1/4 o2 -. Bu+++ + 1/2 ~o . : (2). : .. 
\ . 

·.) 

.,; ,,~' • I :. ' 

' ~ " ' .. . " ~ .J'. . ;, 

.i ~ ~ '· ...... _· • ' . ~ ..... ' , .. 

. • ·.. ~ .• :.: •\;-~. .._~?- ~ t•' •• 

' .. · ...... , .\ ·,· ··- . . '·\1;,. \_ ' .. 
:.:J.: . _;_· ·. (~) ...... · ' 

. ::· ,. ., \ . . 

. ' . t~· ~.. . . \ . . .... ~ . .': . - . '• . . .' ... .. . . . ~ . . ' . ; 

. ·-:-, 

· .. : ~-·:· 

(4) 
'' . 

:aut 1n considerina the relative reaction rateo, we have tOUJ:Id that the f'ormer·. · · 

·reaction is much taater than the latter. Sulples or r:etal dissolved 1n arson. 

nulled media ahow •trona absorption 1U the ultraviolet, vutl.e aimtlar samples 

in .a oxyzen. tluahe4 modi a allow ao web abaorption. Depen41na ·on the dee;ree 

ot arson tluahing, tbe ab~· ball per&11ted to • ~- extent tor . ·. 

~l"'.Ximate)¥ tvo hour,&, Vbile .the heat evolut1ou. 1n the calorlmetr1c maG• · : · 

. ~ta. vaa complete 111 about l-l/2 m.tnute•s. . · , . 

In &&11Uoz:a1 the ~ gas ~lutl~ trorA .~ nturatod 0.1 B HCl ... 

- .. 

. · GOl.uttona using Ia fm4 k ~~&talA. eave mole rat1ot~ .ot 1.,, en4 · ~;;· _. respect1vol)f .. 
.• . • l -- •. . 
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It we neglect the slight change in the composition ot· the BCl sal.ution 
. . 

due to c~wnption of HCl in the dissolution of the metal, and approximate the · 

state ot infinite dilution by 0.1 I' HCl, we calculate for 
. .. 
' . 

' ','· 
,·, \ -

J 1·. • 

+:5 .. 0 
Eu. (aq) A B· t · • - 1:50.4 :1: 1.0 kcal/mole. . . (5)'. ,· .• Jj --

. . . Eu+:5(aq) 

With entr~ estimates from MontsPJlle%7 1 (
7) the value tor the Eu. +2 • Eu +:5 .· 

potential, (S) and our value for the heat o~ forma~i~ of Eu +:5 (a~), we calculate: .· ·. 

~ B;r +2 · a • U5. 7 keel/mole. 
. Eu (aq) . . 

The experimentally observed heats of solution of EuG>1 •02 are tabulated:,· 
> ~ ·, 

1n Table VI. 
··::·\ .' 

:-. T 

Samples of Eu01•02 we~ sine,le cp.unks of approxim&tely' 500 J.Lg mass •. 
''. 
\' 

We have treated Eu01•02 as an ideal solid solution of ~o, in EuO,· although 1\:
1 
.. 

this almost certainly is not correct. The solvent was 1.0 N HCl since the \ · 
.. ' 

. ' 

dissolution. was ·taster than 1n 0.~ N HCi. ~ reactions involved are& · ... ~ ' 
" .,.''!' . 

+2 + 
Eu + B + 0.250~ .,.. 

-... 
. (7) . 

.-.· -· 't. 

. I 
· · and tor the. total reaction: ' ~ . . . . . 

... 
}'. 

(8) 

The. correction to the infinitely dilute state can be app~o.x1mated from 

the data on the:heat of solution ot PuCl obtained by Westrum and Rob~son. (9) 
. . . ' . . . ' .. 

· Extrapolating .their data gives a difference of -1.5 Kcal/mole between 1.00 N Bel·· · 
. . ', .. \ . . \'' .. . . . . . : . . . . . ..•... , .. :: . 

and 1nfinite ~lutiem,-' Awl1'ins 'this to our data and calculating as before, ;~ '· · 

we findl.'_~·.:: ... (_·~ . . : ... ~: · .. ; ,~·· ... ,,· ·_::·:·~.·· ·.·. ,·. . r:.~; .. ·~- :. 
' ~- . " 

: ,!' 

~- . ' ...... 
' .. ·, ... 

•. !·.· 

' ;• ' 

. ~ ' .-· 

-· ··~ 

: . ~-

< • •• 

·' 
l 

" -~_- .... ·,., .. ,.: 
,:,··.· 

' ..... : . ~" ,: . , . 

. , . 
,; . !• 

... '·. 

.. ' 

'\ ~- ::"·1 ... . . i 
: 

.· ...... ·1 
I 

, .. 'i ·. . ~ 

. .. 

. . 
. f_" 

'.· ... 

. i 

l." ' 

.. t' 

. .·, 
. .,. ··-

. .. 
. ~:·-

·, •' I 

. . 
e -:., 

. . ; ~ 
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(9) 

f'no beet ot 1'07."mmlt1on ot luO ia then the beat. ot tqrmQtioa ot EuO • o.~ . ,. . 

~o3 ~mt.a 0.,021 ~ tbe heat. ot tormart1ou ot ~~, • (lO) ~: 

(10) ' 

Wile heat ot fcrmatl~ ot k 4,(aq) 1# »0.11o., ltcal.. t2Pnt poGit1~· tbu.\ 

tho :beats of !OI'm4t1ou ot tho a(lJt~eont elmmts &s*' ana ~+~. · · .··. · .. '. : 
ow:·' 

tho atord.o vo.11mce of the aetal1G etlldlar to \bat ot &..; n~ thaal 1:::::~. ': 
&a or 04 an4 ita ~o ~ 1• ca 7. Ji2 :a.M.,. oon"C#p004Sns to ·tbe !d1 ·. · .! · · ..• 

~~ 1n the mt!Jtal. lattice. · · · · .·.. . ... . . 

J'Ol* the aaJorlV ot the rare GC'tlnll, tho beats ot.foratl~ ot;tl'.- .· .. ;~:;:'-: .. ·:. 
• . . 1 • . . . ,, . • ' .• •. -~' • 

t.rtpoaitive tollS 4ecreaoe ~11 b7 about o.s Ecal ~ ato:d.o :tlU1aber.·:.~ For ····: , . 
. ·' : ~. •' 

~h ot tbUe e~ta tho terms ta the Jorn..Eaber CfC].ea ., ,· .. 
• •' A, ·;::c • ·' 

. I I."'' ~. . . . . . 

; :-~ ... ~ . ·• \ ' ~ 

M(o) (l) ;.lol(g) (2) ·~> x+'(e) + ,.. +:s!f~~) ;. ~'<aV + ''a Ia < (11) .. . 
'.· ... :. 

,,-.... ! 

. \ ., . 

~ ,: .. : . '~ . 
•' ., . 

\ l 

wat cum to •c~ the aGile value.· B1t ·~on (l) t~ at. 1a eame 41 Kcal "· · 
·' . 

. . · l.eaCJ poa1 tive tb4ll the avozaae heats of 8\tblJatton for the· other "tJPical.". .::, · 

. l"8X"': CW'tb.a, ·Gnd ·tbo ~ of tho three reaction b.oata ta aor:ae '-' teals. !lOre · .: ·• ~·, · ·. · ·. · .· ' . . . . . ~·-= ,·, ... 
poa1t1YO• uonco1 tbo sum ct the f1.rat three ionization pottmt1al8. tot" k. : ... : ' ' · .. · 

·JlWit 'bfJ about 74 ltcal. crt ,.,6 •••• =orO poo1t1~ ~turn th~ a.wraee: fo:o the 'twtct.l . ~ ~ . ~ . 

. rare ~; · , '·. ~: ·, ~· :·:"!]; .;~:::·;·~/r:~·.I ~\,';:;5·:. ·'· r '·, ;z : .~.;{, 1:t·~ ~;:-.:::;.~~.~·:·;··<; ,c~{,, j:;U .• • . 
~ ~.£··· ... '. ' .· .. ·./'. • . .,..,._:.· ~ · .. ··:}:~::. • 

) ~ . . . 

•', 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method~ or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission'' includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




