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. ·coNTRIBUTION FROM THE ·u.rm:NcE RADIATION LABORATORY .ANn DEPARTMENT OF CHEMISTRY~·/>: 
. . . . . . ' . . . '' · .i . ' . ·.. . . . .. . . ' . . . ·-.: : ' . /(~3 ·c 1 

·::: .•.. ·' . . . ,. : .... UNIVERSITY OF CALIFORNIA, ~lEY, CALIFORNIA._'; .. -.::.:. ! 

.. _:t~ --- - . . -.... · · . . · . · •· ;'.J:_¥ -.'-f'i;·>:,~t,~?:{~.· ?N:i. ~ I 
::~;.:The c,.v~tal ~trt1ctwrA of '"'"'""aneAA Dichlori'"e '~'.etra'h-h•a+.A . .. . . ., ...... , ...... . ··:. ,.,.,.. ,..Ntl.N ..... N :.;:,.,..,.,..,...,;;r-N ... t.~..:a ... fitiHWN~ ..,..., ... ,...., ......... ~ .o-"'..,..,..,,....,»t,,..:;~ L • .· •.• :·.I · ....•... · t, ,.,, ••• ~ .·_ !·, •.. 

:: .. 
. r . . . ~ .... 

: ?<·! .. , 

-~· ... BI.ALLAN ZALKIN, J~ D. FOR.Rl!3TER1 AND DAVID H. TEMPlEToN ., 
,.:_·_{:~:.\' . . ' ' .·.. . . 

:, The stable room temperature fonn of Mnct2·4~o ( a-form ) has a· 

mpnoclinic cell.! • 11.186 .A, ~ • 9.513 !, ,g. • 6.186 .A, and ... ::;\··.::~:,::~.;:·.·_(:.·-:'_ ·:., .. ;,:<::> 
. .. . . . . . . ·, ' ..... ' ' . . ~ . . . 

fl • 99. 74 ° • _ The __ space . gro~p_ is2?1/!!_~~-~~_!~ur formula units per. {~.;?;:!(:~::~:;~.{~_:::~:' < , . .. , . 
• unit cell and ~x • 2.0.3 g./cc. An X-ray diffraction st~dy of this:_:)\W{?: ... · . ,_ .... 

. - . ,: ... ·'.:.'·'~-·-, 

.. ·. material yielded the positions of all of the atoms including the . ~. ·.<-~-J:.. .:./.: . :· 

·······,''~-·-· .. ;_._:.~_:.:_·_.,:_·\_:·_.: .. ::_.:·; __ :·:·.~:._.:·.·./_:,~.·.:·.·_,_(_.,._::_;·.hydrogens •.. The structure consists of discrete octahedra of four · · ·.;;'~~.:;\;;~~·-~· ,: ·(:i::': ;,' ·,'' 
·.·• · T'ii:f';'•: o~en ato>B and two chlorine ato~ aboot the nw>ganese, aM with 1~:Jl!!t~;i;j)''·~ 

·:./.!:·._:_'~,:····:the chlorine atoms adjacent to·each· other. The four Mn-0 distances:~·:~.;,~ ,·,::,,-::--~<::·~-~· .. 
·,;~'.'':·:.·:·,~.;: .~·.\;' t • • ~ . '··.:·:·.·-~''' 

-~· ... ·.:, are nearly equidistant being ·2.224 .A, 2.209 l, 2.l8S .A, .and 2.206 'A;~ 

,,,I~i} ~ two Mn-ce ciiSta""'s ai-e 2.47S A: and 2~Soo l;' OtlJ.y, £0111':;01: thl! 

,,·a;J.gh1Pbydrogen atoms make hydrogen boruis.}:·Three of the hydrogen 
'~- I • ·~ '-' . . . ._ < ·,~~. ·. ,.. • .' ' : ', : ; ':;'":' •.' -~.:~ ' .,. •.' ·.'· '. ' ';: 
bonds are between o~en and chlorine and one between :two water 

,' ~lecUl.es. ·· .;<::' ::_,:··:.<.;·::· .: . . . . ;:·· /·-~ .. : ::;:·:::)::·~ ·.···· ·. 
. .. ·: :: .. · ·<< ~· :_:·.:· ... .· ... • ... 

. · -.:· . ... 

. ·.·: 

Groth2.reports two monoclinic crystal modifications of MnCt2·4H2o. 

One .tonn is metastable at .room tenperature ( Dawson and Williams3), a:rxi is> .. ' ' 

: · '. i:·. isomorphous wit~ FeCt2·4~o, the structure ot which bas· been described by · ~ ·~_.: :· 

_: .. ":,, .. Penfold and Grigor4 with comments on the proton si tea by Sat far and MurtzS •· ·., ,. " 

·~,;. ...... . 

" :._ .•. ·Our paper deals with the form that •is stable at .. : ~om te.rat~s; and in,/;~··:~ .. · :_': ·~·:;·. ·. 

·.·.· .. ::._ .. :{::··;:k;eping with the ~menc:hi~·-:of··na:wso~'·and:W~ll~~~:~~·:·:~e~:~~:···this \: .:<.~-~~·-·<:-,: · .>"··;: 

. . .·. : .:~ .··· :; :~-~ " ~ :}; .. : ::- ' ;(·: ·~· ::!#1i~]:~~i~~;;: io~t:;:;{;~~~i~!!~!}Jt~~f,f~ff:\{;~~)2( ;; ' : c.- ;:· . '.' .. _··' . 



• . C ,. • • - • ~ •. ~~ ; : . ; •2-~ - "'. ·c>'~ ,- . - •. -~·--~ ••• ~:~;(;~~,)~; '. • •• • 

\modification as the a.;. form, and to the metastable roodi.tication as the.: .. ·::··:·~·.<· <,',:,·.;;: · :.·.·· ~: < 
.... '.'_~.:.>:··~:-"·~· ..... _(_~_~ ( ·. ·~ ... -~\. 

·~-form. It should be noted here that Groth2 in his publication has .·· . .-·;::·::·:'.:_. ·: ;·~:.,.-.,: 
. . . ·. ··;·:::;.:;, .. ,_ :'\ .. /c: ::.~:.· 

.. '' (rever::; :::;:.::: t:1:: ... ::::b>an:b:: .. co::i:;· the ,;;,\\.' ;:.,. • ." , 

,:;_·:' ) a-form, arid Gardner? has reported some preliminary_ r~sults o~ the proton/ .. ~~·:;.'/;_·:. <·: ::.>. 
• .. ,• ~. : • : .. • ' '. • t ~ ' • j \ • 

·.·~,:-~:·sites. We became interested iJl the structure of this crystal after ::, ._.,. ··._;) __ :· .···:: :·< 
• 1.· ·, :. 

'·· -':· .. learning of its use as a sample for low tenperature -magnetic measurements·.,.;·, 
.-·;, 

. <·by Professor w •. r. Giauque. : .. · .. _, .· 

..... 
An aqueous solution of manganous chloride was allowed to evaporate 

;-:~;:~!::.,._at room tenperature and thO tetrahydrate crystals grew readily in the form' 

, of approximately hexagonal plates. A ~itable crystai with maximum 

>.-dimension of 0.1 rnm was mounted and used -tor collecting the intensity data.;,:'_-:..)::\//.~,: 
·; ... . . · . .:.;·_d.:;.-::-~·-.~ ~-··_,<·r·· 

·Intensities were measured with a General Electric :xR.l)-;S equipped with a . .:':~~:,·::~;}:; ..... :-~; 
. ... '· . : . ;·:;<~··:·r-~. -~:::<;.. . 

_::t> goniostat, a scintill~tion counter and a pulse height discriminator. Mo §_a.;_:,;:._~,:,:, -~).',: .. '.:··.r;:.-
.. ~- ~ ;_::. . , . . . . < \ .; .. <~ .:,:.;·.. /~ .. x~:~~~ . .':-: 

· ·radiation was used and the unit cell dimensions are_ based on A. • o. 70926 A::. ·r:.:'~·.J.(·~,:}·:>:~: 
- . . '({{_··::~:,i.:::·</; -,.· 

·.;':'·.for Mo !~. No preliminary X-ray photographs were taken; the· crystal was·:::::>:;.;\: /:.~:·.);' ~-··. 

:::I·:~>-:~. ··aligned on the goniostat using the ·cell dimensions . reported in. Do~y8 , .. · . ,:;j);\\·::·:;t')~A:;::~-:-::·> _::· 
./?::.-~··.~---. .f • . . . .. . . .... . !;·~:.~-\-:_·;~ ..... ~~-'.~':---:~": -.~/.· . ··: 
;f:'_:~:.~·.:::·:'·:,.together with the obser:vat'ions .on the direction of extinction of polarized.:>:.;:::;;~:;··.:<:;};·. > 

':;'¥t}; ::ni::~matiC apace group absences ~re ~full7 crecked •on ·:_ •• _.': .. -•. -.; .. ;;_: •..•. ~ .•..•. ·.·.:.{_,r~~,c·i, 
.r~-.1~·.:.::·~ . 1· -~ 

·:;:~_:.::.:\·~',;. The 848 independent reflections permitted by the. space group in the· -' .. , 

· .. :.· <:··sphere with sine/A. less. than o.S.38 ( 2e less than 4SO.:Jwere measured with,· 
~'I :• ._ • "I . ' ·• 

" 
: ·~--- ·. 

. . . 
· counting times of 10 seconds each; of these,.~49 were assigned zero intensity. ···· . " . 

··-· .. 
•.;,,- ':The maximum intensity counted was 4200 counts/second, ·which was the 002 · _:·~-:; .: _,· ;~ '.' .· · 
-.~· ~~- . . . . .. ,·. ···~··-~··. :::. ' . 

~· .. 
~ ...... -... reflection. . ' ~ . ~ ~ · .. 1,• . .. 

... 
.'· :·~ ·/: 'r • > . ~ . - .. ' ·. 
, , ;>·:·\:··::. : No corrections were made for either absorption. or extinction. · The ' 

.. : < -.;·· absorp~~on. factor a·t~r~· ~his 'c~tal·~ith·' ... Mo;:: r~a~i~·~~-·18 .. 28c~ -l.. ~:·i~ 

'' ; ; ': ' . . . ·.. .· .;, ·,,. . ,i ·.' :: ;·; ;~:['&!'::;; :ii~~J{;:~~ ~:~~i~ t. ', ;{,, .' ~ .( -.~· ' . : _: y • . . /. ·-· . • . 



:'' ~ ~-- ( <. ·_;. :. ' ,'! \''.~' •• ... ~-- . \ -.~:. -~ -~: .• ~;,-... .. -;.:.'. 

·1.\' -~;-,.~;::_·. . ~3- ; ~- ,·; . . - .. 

. , . ' . . .. ··.·.· . ., .. ,}; ~; '• : :.. ·'ii},;i~:l·;;:< 

·'·<·about o.l4 or less, making the absorption very low. ;::~_':i::;'':;;>~:-,: ·;:,:: :·· 'l 
. . .· . . ' ·.· :~.-~:·-:·~~:_:~- ... _ ... ~. :·~~)~-~ _::: . l 

~-<;,-:.::·:(.':· Calculations were made with an IBM 7094 conputer using a .full matrix,:: . . ;1. ·, ,_,,. ,·.:·:·;. 
1
' r.;:.:_:·- .. :1:.· . . . ~r~-~.-.-i·.:·~~~-- ·-:·:::.-'--:~.<~ .. 
. . ·· ·":_~-.\~:· least·squares refinemant program written by P. K. Gantzell, R. A. Sparks,··::(·(~>:··.·>:.:'.;:;: 
., . ,Y·;, f, , . \ ._·. i:<~"; ~~ . ( :> ~ ... , ... 
:·.:.··.:.:.'·:·.;?:and X. N. Trueblood with minor changes and Fourier and distance programs ::::}0\:· .. ·~ .. ~;_.·:~i.:··\ 
:--:~~·::--./r:~:·~> .. ·:·. . . . . • . : .. :.: .·._~ .. : .. =,-- _·-.·~-: ~~- .: 

:·.:.::<:}.~written by Ae Zalkin., We nrl.ni.mized the function ~!(IF I - IF j)2/2wF2• ·,:/:·::\;<'\·:_:.:: .'. ~-

'//;\~\::· . Atomic scattering factors were taken as the value; by Ibe;s9 for~ .·.·~·:::.~.}:~·:·.;--~_·;.~/ _\:··:~ :.· . 
. • .. ,. ··.~\ .. · ..... ' : . . 

. ~+2 
1 

c~·l, ne~tral a· and H." Dispersion c~rrectioris10 of -o.4 and ·-0~1 _.·:-:.:~:;:';\:~::..-~>·.::~ ··:.~;· 
. . 

.• . . . +2 -1 ·. 
·electrons were added to the Mn . and Ct scattering .factors 

:;- The imaginary part of:the dispersion· correction was neglected • 
.. 

. ·: <·.,· • 

.·· ,• 

. .rour .formula .units (Mnc~2·~0) per unit cell arxi has the dimensions: 
·~l . ' • ~ 

a • 11.186 ! o.oo6 A, · .2 • 9.513 :t o.oo5 1, 1£ .,. 6.186 ! o.oo2 A, 

.. ,.,_ \:-,: ~ • 99.74 ! o.o4°, . ! • 648.8 A3, .! z ,2 : !:. • 1.175.9 : 1 : · o.65o3· • 

. >·;~;/\,\{·:·.:These co~are with values !. .. 11.3, ,2 •·· 9.55 and !:. 111 ·6.15 .A arxi ~ • 99.63° ;": 
:~·::; ... ~··~<~-~~:.;·~:>:·· . 4 6 . . . . ·. ·. . . ·: . . . ~ ..... 
·;.t:~·:/:':?\:· reported by Delain (after transformation· from !21/!,) _am the axial ratios. 

;~);:\~ .. ;:·:~·:,of 1.1525 : l :. 0.6445 with p • 99.42° by Groth2• . . . . . ·. . : 

,· .. _·. 

·.:··.': 
·.··· ., ... ' 

')g;.t' . . From the X-ray data the calculated density is 2.03 g./cc. 1<hich . 
';•', ....... ' ~ . ' . . ·.· .. .. ,' ·• ' 

·· coJI1)ares with the ·vcilu~ of 2.0~ g./cc. reported in the Handbook o! Chemistry·.~:.-·· .. ~<·;:;: · 
. ~.:-.: .. · . .. : ·~ '. :· ~ . . 

. · . and Physicsn. . ·. ·: :·:~· :·::: .. ::. -~ · ·' . 

.,.,,, ..... ··, 
._· ... : "''\:::_-:-_ .. :•.· ·· .. · 

. ',·'' .. , 
.· ·, '·. :. \. 

Reflections hOt are absent unl.ess h + .e ·-~ 2n and OkO reflections are • ·:.: 
- - - - I - - '.··. ~, ·.~· ' 

absent unless ! • 2_a. This is characteristi~- of ._the space group !21/,!! (£2h5) ':··::,: .:/<·:·>. - ··. ':' . ..:_::·.~· \.: ;::~:.' ··. 
and the success of our structure determination confirms this symmetry. ··-~·-:.•.-::· 

Determination of the Structure.-Projection data were collected init,ially. 
NNNNNNNftiNNNIW~ NH . NNN NNNNNNNIWN , I ' , ,, , , · .. ··, 

. .. : .. 
' ., 

· ... ';-'· 

.. · · ., ::and the Patterson functions .for three projections hkO, hOt, and Ok.e were 
,;, <·_,;1·~:- • -- -... ....... .-...... (!,,':''·.··. " ...... 

'., ·;~·\~-:'calculated .from the observed intensities after correction .for L:>rentz and:: ... . ::·)· ·. · 
--~-- · .. :·_:>' ':.' . ' . ' .:' . . .... ' . . . ' . ·. .. . . ·. ,. · .. ·. ,· . ' . ' .- :~"_,. >>;>:·- .... ,: . ' .. 

· • :-, polarization effects. · From these three projections, the positi~ns ·o.r the ·Mn '.;·~;: ~<7·~::._ ,·; 
·.;~:-·:• • ,o• ...... •,_·,. ,· ,< '•. 'A ' ' 

0 

0 

.. 0 -~ .' ... : 

0 

' -~' .'\ 'oO ·O~',',f < -~- ' 0
0 

', 1 ° ,1 ,' ,• ~~>.>;.~~: , ',. ·, 0 ,'b,' ·' 

, '.'J'4',~·t"" ~epe'f:~t ~r~~ l'e~d;~:~:~~~:·~o~ ~tOper .. '•" · ..... 

· .. :: ·L~·... .:)}_,:·./:\.·::.:~: >.:Y:.; .. ~. : .'t :nJ:l~~~::\:;·.};.1:. ·i:'· ::··,:':::: .. · · 



,'·?. '.<· :. '· ' •, . . : >··_.';:·.:' :_:·,·_\···· ... -..... _.-.· .~:. _:_ ...•. ' .. ~.:·;•_ .. :.· /::-. :>:_._.{;:_._'.::_ .. :.~. :' _..::_·~.: . ·. <: ·: :.- ,~ ... ::' .: :·,:. ,;d.'. \;:~~>.~ ':,: ' 
·.~- .• .. · ... _'<·-::·.~.:- ':<:.> . -~. . ' . -: ,; '.-c', .. ·, ·.·~·'· . "t ..• · ·.' .:-~?.~·-:_:--~:·.<·.·_:: .. ~.- ·:··~.' .: .... _.··_._,., 

<\ ~ ,. ·t • -~~- '. • • ; I -

J _;,.J; unit. cell were Obtained directly. These three atoms were all in 4 ·~ . !o~'([:i; ,:{ . 
... ..... . . .·" 

. general pos~ ::;ns: ( ~· z, ~ I 112 + ~· l/2 • z, l/2 + ~ ) · .': .. · .. '(i;:.;\'~cfi~iiJ;:~ii;~ 
When all of the t~e dimensional data were a~ailable, a three·.~;:/';:,·:~.:.:.: .. .'/\~:·:;:\(';.: •.;._;·_ 

-~j ~-. . . . . . ., ~:, _(::::::1~<-~·-/~-t. ·;.~ .. ~l' ,':'(~·-J·:. ;~~~ .. :-~· 
.. ·~ ·...-:; . dimensional Fourier was calculated with phases based· on the positions ··:.f::';~:.:·~i:\t~,:;Y·'~:::::;._-:.·:'.'·.:·; 

• • ..... • . t I· ,t·.::r:~::·f,.··.·.\~~:·.:~~-::r:-.·1.,:'. _._,, 
.. /.:~.of the Mn and two C~ atoms, In this Fourier, all four independent , ·_-._;}:.::_:;:·:.;,,:;:.·-::~_:>::;: .>· . ~: . 

. :: . ·:.':/ /:{:':j;!}: ':/.;\·~:)_,~.,{>. ~. ~: :· 1 ~' . 
:,: o:xvrgen atoms were found in general positions, · .... :·x~~:{::::.~:\: ·.~·,::;···:.:/~:-~, . . . · .~ · · .... :~-~;: ~:x~~:~~ .. : < ~::~ r.~ ~ ... _~': ·-r·:.::-.... f.~ • • 

The parameters of these 7 sets of atoms were refined by least ·. ~::;-.:,:·.,~~;·:;:)·~:i\'.::~;~: :.>;·_'·:. :·. !./ 
.. . . : ..... ·: ::;. ·' ~)-.::~:-.~~·.:r~(·~:~.··:.:· .. ~-.. ~ ... _~··· .. ~··:-·. ~ ·. 

squares using all· the data, each with unit weight, and giving each ..... ·' ~y;·~··. ' ~ <v-.:. _ · ··.' 
• ",f ~ ;•\ ~~,..,~ ·•! 'I" 

.. ~ . . . atom an isotropic temperature factor of the form exp(-!A.-2sin2a). •. ~{t.' ,: . .. ' <I 

~, : ' . ' ... 

. : · . ._ .. . . I 

· -~ '··._:.! • ~ 11~1 - I~ II /~1~1 decreased to 0.08) • Correction of several :··:>~.<~-/,~-~~,{. ·.~.· L. 
·'blunders in the data taking s.nd in the card punching· and the introduction ' r~ · ·. · · '·. ·[: 

··. of ariisotropic te~~perature !actors o£ ~e tOl'lll exp(•Jlu.!!
2 

- ~2;#.2 • IJ~~.:";;~?::,;~;,;;: . ~ 
.·\- 2~1~.-'2~1y~f~ 2J32#,!> for each of the 7 atoms. reduced !·to o.047:·:·:~-~:'}>~{~ . .-~~-~:;;~<>F,i·.~ ): 
· .. ,, ' .. ~:··:·~.····:~~r·~·:·;._J..: It: ~}/ .~ ~. 

' atter ;o:~~n c:: t: d::::::t~nction with all atoms subtracted ,\;~~1;,l',~'i'';~i:' ; . r 
out with the exception of hydrogen was calculated using the results of ·,~,':\: '· .. (.<; .. <·~::··:~';'::. ·•· ~' , 

·this anisotropic refinement and using the terms for which sin8/"A less 
. .·· 

-' 
Eight out o£ the ten highest peaks in this i function corres•' ·~ 

· :()ponded to reasonable positioris·:.tor· the eight independent hydrogen atoms ·. ;· ~:: 

dn general positions. Four of these hydrogen atoms form hydrogen bonds, 

. ~but the other four atoms have no suitable environment- for forming bonds 

FoUr cycles of least squares refiiiernent with all eight hydrogen atoms.·. 

each having isotropic temperature factors and the remaining seven heavier:.· 

t· 
1;'. 

t~.· 
;\' 
" 

. ·; ,· ·:_r.· :;:·: ~· .· 

-. r 
' ' • f .. 
·atoms haVing anisotropic tenperature factors resulted in an R factor of.·.· f 
. . ' - ~ }· 

... , .. ·O.o4J.· ." The temper~t~e,.i'aetors. o.r the four. bonded -~en atoms remained< :~: ·: . .-.·:·:· · · :··. ('. 
• ••• ' • ' . . • ~ •· '• • • ~ .. • . . l ~ • • : • ... ' • . • • • ...· ' • , Itt: . :. ;·.: 

'. ·' JlonnaJ.;:/but;.:~stJ).o.f;. .two ot .the unbonde~ atoms, ·attached :to 0(.3) 1 had · : ~ .' / · . , ·. . 

· .:· .. :-. >· ,..· ::· .. ~ .. ·:·>:··~::_:. :·,~,:-:::· :;._:·t> :::-: ___ ; .. :.:;·i<:.::~'-_)/·::·{-~:;t\:\)·_::_;;{t:::"'~~~c;~.~~l:~·.\J~~<i~~:~~>:·:.::·>·:~' .. =:·.; .. :· .. ~:··,.. : · :~- -:;~. · · ·;: :_._: ·.; :· · 



. - I : ;) ···,· ':~~:A;·;\) ' ~-: .; I 
. ' )f@;i\\

1
.;[,·;''{. i 

After four more cycles of refinementj the final R value was 0.0.)9 • ···· :~.;.+-·> ·:· ;',-.:<X 

'···· .. 
;. 

. : ,' ~-. ' .r ·' 

.,~ . 
-,1 '' .. ·. ~ .. ;. ·., 

• !. 

. . ., - ·. . . ·, ... : .. .';-·.;.:~ ... ·~; .. ·.(~·; ··.·( 
; 

2
·: :.·.The final positional par-ters am thel'~ parameters are listed in Table +t·:_·~~;:~:(:· 

:s~}f:anci Tabls It respecti wlT• \ b observed,~M ~ci.1s,ted structure factors '{\;ij~~\};;;:; ::: ·, 
·.-;. . '. ' ,.:;. :· ., . :. ,;::-;::: .. ·':-.:·,,· (, ::~. '' :: . . ' :.:-~;:.,.:;:;<'.'~;.-;~>.:~~:;:::.:~_.:.;-~::·. 

are listed in Table In. .. .·" • :· ,;:--;.:\,:._~· ,:;:-.:·. , .. ·-..·.,.:, ·. ':··:,;:;s·).;;.:: .• ··· ... : 
._: .... -;.: ·.:·:,...:>· ~·;_~_:::.··_.::- ;·~· .. _:_tt_:·:.-:_;:·.~:··\';':'-::.~::'"1:: ~.·:-. 

--TABIE I.... :·· ..... ·:. ... · ., .. -··_, 
::·: • • :: • • .. •• ' t : ' ' : :<:: ', ' I •' .: ",•~.~.; ' •, ,'' o ' '~t:: .. ~~~:;•: ~·/i:~) ,:·~,:·, ~~·><·::;•: .. : .. ~: :··/,.~· .. · 
·FINAL POSrrtONAL P~TERS AND STANDARD DEVJ".!L~IONS FOR .MilC~ •4lf20 {\:·':'~t,/ ,~.:(:};'/: :_:·.:;>\·:.·: .· 

,. ···. Atom };t:. X ~}:~- z gr ! !;La(~) ft~t a(z) @ a(~) ·:t;;.t;:;;t;:'(J!~t:.i;r;. ~-.... 
\:,.·. Mn :'··-1 .• 0.2329 < .().1714 .':"-·0. 986S .r·:-0.0001 .. ; 0.0001 ·\.0.0001 :·-· .. ·:: -.. -;:•·:·_,· 

:~;::·:~'/;.:' . .·::.:;it . ::h·~ :>f~. '' ··, >;~.::' :'t:<;~./·J(;\.:{ ;·:. 
c~ (l) ':;;:··>:~\·;.061o: !,.·:::·: .• 307,6. ·:·~·x .• o938 ;;·::: .ooo1 · ·::.~: . • ooo1 ,_.::. .ooo2 .. ~-:~·i> .:~;:·::::-:.::};::;:;,:.. · .. \'./ .. , / 

·,·-~~!.'·~t.: .. :,._ -.~~·\,.~) :·::~~-~-;~ <.·~ -.. .._·-~r,._·~· ~· -~ ;.,~.;,.'~_.:--.:~:---~·.,:.:~- /: .. : .. ~;·::- ._-..,.\, .... 

• , C$ (2 >.:Ji~~r3617 ;·~y·3662 Wi . OJ 55 ·;'i .. 0001 . ;~p· ~ 0001. •l:>. 0002 ,i·fi~;'!J;,·i·::i.J;?:.s ;-· · · . ; . 
... ,,\. · o(l) ~-'··!"·"· .3010 ... ; :··· .1121 ~-'-"'····.3334 .,.·:-•·· .ooo4 .,,~ .... ,: .• ooos .....• ooo6 . , .... , .. ·l.'-. : 1--,~,.- _. ... ;.,, ... 

'> .... ··· ':'?5t;~ · ~r:.:,;·: ·'·:;~:~?- · --~~::<~} · ::">::M:~: · ·.·/::~~:~ ::>Df}.:i·\: .. :/:.>:;-::;-Y\·:.~·~·· 0(2). ,.-::·. ·> .lS6B .. ,._::_.2280.......::.:..;.c:-_•641\J6 ... ·: .ooo4 :. ~·:eOOOS;:,, ..• 0007 ·,,., ,, .. , .. · ,,_ · ... , .. , .• 
< :.,·{:tr .. ·-;~::,.- );iiF. --:?:t-'::--:-·-~~:~;:~::::__ . '\>·:. :·:?::::-:·.·:::.-:-;:: ... ~.F·<·:::~'-./··,.:·_.: •. · .. 

,., .1323 - .9736 .. :c.:::·. 9S9o .~., .. , .ooos.·, :,;,:;_· .ooo6 .y, .• oou : -;···: · .. ·· .... : . '· .- ·.;_··.: · .... 

.· ,•. 

. ::':I\: · ·: > ·-':'• ·. ~;_;h.~~> · ::,:':;\~?.·.- · ·<:·/~:\;: · · ~· .}{!: : ·):i\ .. J;-.::::;: :;:>;:·'/~~:::\:::_·\. ::_-··:·:~·~~,~;, . 
. ·. ,., .369S :·.· _ .. _ .• oJ8l. ··:.•: .8764::." .;r· .ooo4-·:.: ; .• oooS ·.:· ..... ooo7 ·:··:::c ... ·.-:: . .-.-:: •... +.,, ... , .. :> 

: •. J :i .}"~ .. -
H(l)l·!··: • )9 

.~ .. :; . '·::_: ... ~.~ 
._.: ; ......... ::~ ::·'\:..,. .. · 

·'·· .11 
: ..... 

:.10 ~i}_,;.····: .99 

H(4)i ,:·::,.':,:,·~!U :::·~~\.~_,\/{.o9. 
.. ;3> . ·_·;:. <::. 9s:· 

.87 

. -i·: 
.86 

: ~ :. J • • • 

'· ''·'·.: 
'• "l 

_: ..• Ol< ·· < ,·.ol.:!·.:· 
< ~:-~ __ ;\~:~ \~( ':·- ._ 

·.·.01 
.. . :-·:· :., 

·. /, !· HU)J means 'that _1t.'i8 .. the -.J•th h~ogeri, ~r~.:w:ater.",o~en ._o_(ih>:;,~·:· ... \:·_':: <i)~·~·.': ... 

~ . 
·.7 

'•" r .,.Jr'l-, 

'·,. 

•' ·.' 

.. 
. · ; .. 

. '~ . . -; .. 
... ~ ~ • ~ • f, ·: . ~-!' .. 

:_ i':/ )··. 
' ;· ...... . 
~- .. 



. . : ' ~ ' 

··.• \ .'· 
'; .• _.{·, 

TABlE II. 

· THERMAL PARAMETERS ! AND STANDARD DEVIATIONS. 
'• '-· •! ~ 

Bl.l.E/~ ' B22 . :~·:};:::··. BJJ ~}{r Bl2 .it':l~~ Bl3 
- ... ·. ·~.·,.~··. ~ :"•·· - '.<~., __ .. - • 

. 1. 98 .t .o4 ~.ai ~·/.04 !i~i'{l.So. :.1: :•o4::!.:~.~o.o2 *:··.oJ~:::;:rro.J6. i · 
~·;j. >:~': '+.. ..?:;~.:· . .' + ' ~~k . '+"; :·~;.<;. . +' \' 

ct (1)':;:>:. 2.16 : .o6:.:.~··. 2. 76 - · .o7 ..;·~; 2.Sl .... o6 .? o.4J.- .• os \.':: o.6S - .os ,::·~.29 ! 
c~ (2 l 2, 22. ! .o6/}2.0) ; .~,;·;: 2, )8: z :.o6')~~o •. 29 ! .os}i~)o,)) ! • o>. ;,,: o,oo ! .• os ; ".(( : • ·' 
o (l) · .' ·. 3.3>~~ ~ .• 2·~~;::/;;~~.:.2. 2·.\~: '· .2_:{;}~(:.'2.o.'}·:!::·~2~·.;·~~~;::o.1.· ... ~;.. !~·.~2:·~t(~~~;~.o. 2\~±. :·~l·.i.j;~·:,;::.: o. ~.:: ':: ·,~:;~!::;:\:.:~ · 

.::s:'> · <':· ·~:;:;.~r · '::> ·: · ·::~~:}:. ·. ·:; .. : ·:::~~:r .. ;: ·.: ;:j.,:::: · . · .. , .;· ·<> · z .2·.·::·.•·::3.2•.::! .2 .. .,~/··2.2 ,! .• 2·,;;.-!~··.-0.2·. !·.2~\::·.;·::·0.6. !· .• 2.·:.·:·>0.3·! i2 
· ·~<{iU: : · .. :~::· + ·.·.·N!.~/·: · .:, + .•. ):;;1;Y,: :·· · . ·~;:i~~:·;:.~ :.;.·,+::·. ::J·:;{i).: · + , . . 

. ·: .. 2.S :· 
.... ,,,' 

0(2) 

0(3) 

0(4) 

.·4.1 :, ~ .2 ··.::·~:· .. 3.1: .- .2 :·'•,:,··:3.4 -· .) ···>· •1.2 ± .2:::~·.;. 1.0 - .2.·,::,-..~0.6 - .2 
:· j ~·s · ·: t · . 2·,::,;)C;:,'~~6~{(.t ~ 2 ·:·~;~_;:{:). 1 :: ~f:~.:~\is:f:~/.ri.'i ± · ~ 2:::.tY ·i. s., ·:·±):~i.-.~.;i(~i1o.1~···~- ~ 2··~; .;. . . . . 

Atom 

H(l)l · 

H(l)2 

<:·:;.-· 

2 :t 

3:!:2 :.· 
'. '. 

+ -

~ .r:· : • 

. ~ ' 
, .. · H0)2 

... ' 
"; ~ .. : . :" .":. ' .' ......... • ·:.~. 

a Units are 
( ... -, :, 

{ :.-··.' ·~·.i~.·:: :;, ' . .'· ~\' 

' ~ .. '' . 
. ~. .: 

•/' '· ' ·~'' ·: .-J' •.. 

b. . • . . . . * * ; *. : .. ·. ' '. ·, '.. : ,· ~.. . . :·... . 
The anisotropic. ,valu~~ ~iJ ~. ~~W!_!!l where !.f iS' the !th .. ~c~~~o~~ .. ~e~ ~ength. · ... :. 

~ ·• • o , •. '• • 0 I r • .:' , ··,.:' ••. 't 1 ' ,
0 

.; •. ;. 

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

•••• ·, ~ ' ' • • '•. ~ ' ,: .. 1' 

..... ·. ·t.: :·' ."'•'DIE III. ' . . ;. "':· . -.,. 
~-·· , .~·-: "'-AD · .. { .. · .. : . ... 

.. :.- > :·:- ... ··.:·:!' '···-.. ~~ ~ ~-•. -.:-. \ ' . . .. ,. 0'' ' ' ' ' .. ', ' •• • ••. •• .• ~ ...... '.' 

>oBSERVED.STRUCTURE FACTOR MAGNITUD:ES (FOBxS) AND CALCUlATED STRUCTURE FACTORS (FQAxS) • 
• ; : ' ' , • ' • ,: ;: ~ ;._ • ,. ' : ' • ' •' .·: :. ' ' .,_J \ "t ·. . ' •. ~ . ' .. .'• .' .'.'. . . • . . .••• ·, ' ': ~ ~ 

: "::' \ , ,' ~ ' ' I :·, ·,' • ' 

c . 
~· Isotrop~c •. .. ~,.. 

. -:.· .. 

. ' ··.:: .. 

(Table ~bmitted as photograp.hic print)· 
:., ., .·. 

·>. ... · 

Standard deviations of the parameters of the atoms were calculated 

.. ,.,:·>,assuming that the discrepancies in the· structure factors represent random 
·-~~ .> ~ :: ~:~~·;,:y\~ .. ~~~~· .. >·' '. ~ ' ... ·~'. .. . . ; . . . ' . . '• t 

<}:)~,<:<''.errors. The high standard deviations of the parameters of the hydrogen atoms; 
~:i·:~:!;:f~),\:'\ ' . . ·. .· ' . . .. ·;· ' ' ' . . . ·. ' ', 

· .. : .. : ; . 

'. ~. <;_:~:\ .. /:illustrate that ve ·are,at' .. tbe limit of .. our data's accurac7 in determining.· ':.,- ,· 

''.}· 

·' 'I 

·.-,,: 

.' .~ .. i 

•,, ··. ..,, 
'. ·. ~·~ . 

···\ ... :.. ' 
. '...~· ' . 



.:;.,·· 

' :~" :·. 

.. 

,.·,,: 
•,_-::' 

.· .. , 

... . _ .... 

. i'. 

' ' 

Mtl.• O, 0 
l FOB JCl 
2 694 696 
4 IU 1n 
• nJ ue 
....... o. l 
L FOB FCl 
1 1n2 n 
z uo-zro ) ,, us 
4 110•112 
t ., " 
• u " 
...... o. 2 
L Fon FU 
0 ))J·llZ 
I 140 U6 
z 201•1?4 
, 291 287 
4 42 •40 
S 119 ITS 
• 20 •JI 

"•k• ·o, ' 
l FOB Ftl 
I 225 2)6 
2 lll 224 
, 255•25) 
4 105-106 
S 216·212 
6 ltll-100 

MtK• Ot ft 
L FOR Ftl 
o n•-111 
1 uo-1 n 
2 IQJ·I'I 
J 2l3•ZZ4 
4 t•a·tn 
' 98-105 

.·• 16 -n 
HtK• O, S 
L FOB FU 
1. 111 186 
z 15 15 
l ZOT l?B 
4 40 4) 
5 201 190 

..... o, 6 
L FOB Hl 
0 )56 l'O 
I 106 14) 

·. 2 )lB )28 
, 46 4) 

4 114 U? 
5 115-115 

, lifl•470 
4 :114. ·212 
5 UO•II8 
• " 99 

...... ,, l 
l FOB Ftl 

•6 B8 -Be 
., 60 6' 
..... aos •9e ., " ., 
•z Z6 •1 
•I 90 •86 

0 IU•IU 
I 61 ·58 
2-98•93 
, 91 14 
• 94 ·81 

. ' 7• 16 
6 I?T·In 

... 1t• lt , 
I. FOB FtA 

•6 20 24 
., 09 ·42 
•4 2) 24 
., 6 •• ., 

-2 s.r; " 
•I 34 •)6 

0 0 16 
I II •11 
2 121•117 
) 59 56 
4 216•ZIZ' 
' 62 62 
6 111•11Q 

...... lt .. 
l FOO FtA 

•6 101 IC5 
•S H Jl 
•4 289 l9Z 
., " 61 
•2 U1 4]1 
•I 55 ·5~ 

3 231 214 
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L fOB Ftl 

-~ 102 106 
_, 28 )l 

~1 UB I"' 
~1 19 1 

0 IZB 121 
1 102 ?8 
Z Ill IJ2 
J U2 UO 

...... ,, ' 
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ci(l) ;'.3.708 t .003 b·::;·;.~·;t~:;f.~.e; ... \~;~,.,;·:-·>:;.y.~.?~,..:~':!;';·.;;.:)f.i;:~·~·· ce(2)·: .. :.3 285· +, oos b<· . .f.'' ·· ,. 

·.~r,· -.; ... :~~::-.~~);::f;~:)/%((;:.;~;:~~:;~;{.:1~:::·:>:·':.:~:.\~?. ... : <: 1 

- • - ,•'.''' ~. 
o(2) ·:' 3.166 + .oos £ ·:;>:?.1!::-rrr.;t~:~·(t:- .. ::c.-~\<:~,~~ ... ~Y'.':::·,y· ..... . ce(1) ·:·3·.292 .:!: .oos c .;_~:/:: 

0(3) 
::.:;:, • .·.~:. ... \;:}?:,;):;t;:.:·~:(.';·::.-;:·;;::::··~.··:.>'~.:~r ~-:\'~~: :· :·.~.:. . '+ ;~E:,u~.,~· ....... ·.:··, 
· .. ~ 3.81$ .oo7 ... . ,-:··:;:··:,;,{~~/'::t:: a··'·, .. ,:._'.:.~.;·,..;·:·: .. ·.::- o(1) · ·3.339 - .oo6 ·' .. ,, · · 

'0(2)·.\3.442 

., , ~· . 

' ·' ' . ~ ,. '.'·•; 

·,..-
,'.;., ,•. . ''t\/~})r{?\~(:~ :' ·:·: .. :;;< :~ :.~. ~? ~~:: .. ·,.':: '. . r··· '-'· ~" . :· :·',;-

-:··.; .. ;.o(1)··.:-·Mn :--:·2.224: .oo4 -.:·:··: .... · .. ~~; ....... :.r·-., ... ·.·.~·~,.·.;:,,·;···o(l)·· ~(1) · 3 391 + 

·, }~:X(: . · _:~:·•·i·~::~: :: ::• !i~~~~~~i,~~,~:,;,flftiit~~~~:;:;~~.~.~."~ :~.;: .; ~=· :, .. 
. -~ 

~· .; ·. 
·. ···~~·· 

:,,· ·.: 

., .. 
. :: : ., ·.i: -,::.~·, .~ .. 9' (2) ... 3. 2S4 ,!:" . • oos. ~:· ~~·~-:~· .. <:,;·:::·-"'}.t·:~\:(.=~_.., ·~t~·,,,·.:ii':· .. ·;;::.;·::: \·~~.r~ o.<~>. _.-:,··3~339. ~ ·~- ...... : ·· 
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:"''-Hydrogen atom distances are not included 1:.-· • ..:f··:.;,,.._ .• ·:·J·~··. ···:: ·:.:,.· · '-! .i :.~· ... c .. < ... :"·.:..::;_:,·· .. :, ,·: .. :-r,, \1·:: , 

i,iff~ctahedral. edge.·. • . ;_, ; ;:t '• •• ' ' ; ;\ } : '6t-:·;'( !'"r '·,:cc; : ' ,• . ; ? . '. ·. ;. ' ~~?t?·.i;~~~61~:+· ' 
... ·.·-Hydrogen bond. .... . . ··'-· ·,. , ... ,. ·. · 

}1_;:}:~·~}·:);:.,.. ·· ; . . . . . . .. ... ·-r~~t~·~:·~Y:>:.}r .... ' 
:~.ft:/i.i:t:> The octahedron-is onl;y slightly distorted with the primary distortion due:.:--.:.-:::-?'~ ..... ,.·,: .. 
:.!'/:?~.~··.~::~ .. ;>·.;:~ ' .· ' . ~ . . . :/' t .\; 

·.;:>;: ... ::.;.:::.-"to the packing of the two larger chlorine atoms with the four somewhat 
~-~>~·;·}~.:-~; :;;:.;;;.y:_,->·;_t . . . . . ·. . ... ·_ : . . . . . . 

·.::·' ..• ,::< .:(,;-' : smaller o.x;ygen atoms. . The chlorine atoms are adjacent in each octahedron~ 
•"t'•,• •... •.••· . ' 

t{(:)X,\}.:fi~_and not opposite as in the Fect
2

•4H
2
o .structure4· although both structures·:':~ 

,.l>\.;/,·:1'.'· ' . . .. . . . ·. 
:::/.\:t: .. {JY;{.'~have discrete octahedra.>Also in the Fect2•4H2o structure there ~re ~wo 

·;:7;:·:b1;::~~;{d.itferent octahedral Fe-0 distaooes (2.09 A and 2.S9 A), whereas in the . ~ :~>:::·::);:::. ·;_, 
!:~·>.:~::·~-·~~-;.:~~~: ... _~-~\ ·. . ' ' . ' . . . :: ~· .. _~·; .. \.;".::;_"·.~··:· > 
·:~~\/_;~;:-?:::,.· MnCt2·4~0 all four Mn•O distances are 'lnnst equivalent (2.19 1. to 2. 22 A>.·: :J }:'4; ~;_.,,.-: 
I··'.-~- t. )).~<~-~~ ~~· .. t. ~ • . . I:' ... :~·~ ::. ;',:~j!;· ':,j.:·: ;:':':" 

·:!;:-:::/:.<·s?·.:;:._. The densities of t~ two substances are very similar (2.0.3 g./cc. £or the_:.,< :·=:::.:;_>:':+·ir·:· • . 
·;~:,..': l~\ '' . .'~. ~;·r_:':.·: • . · :. ',, /·.~. •.•"' ~ 

:,:·~~;f·::}~'·FMn conpound, 1.98 g./cc. tor the _Fe conpound), indicating that the efficiency-~:\·:.:;: .. ::·.;: 
,,'i~;·,~'!~',.:;. .. ~;,:!. \: I 

::·/;<;;);~§~_:::;:of packing is. also conparable·. These conparisons sugges~ a rather inter.;.·,: .. 
••• ; t ''! ~ '"' •,' \-; .. ·.,-'. . ' ' . 

\;~(~}~.:.:i~\~~t'_esti~ phase transformation it the metastablE! f3-form ot MnCt2 • 4H2o is · ·::_ -.-: .... ~-.: 
.'::\.:,\:+(;:~~:indeed 'isomo:tp hous with Fect2•4H2q as is sugg~sted by .Groth2. :.. . . 

~·;_~;}:~mi:;,:.· According to Groth2.MnBr2•4H2o has .axi:al cell ratios, 'and p angle 
-~:;·~~~;;:j)·;ri.} -~~.:.. . . . . . . .~ . . 
~;:AY:iJ;Yj;~it':: close· to MnCt2·4~o m.:d is presumably isostructural with the· structure 
·::~-:~~-~/;:~p~;:~: :--~.::.: .. :>. . ,~ • . . ' . . •• : ·' # :. • • • •••• • ••• 

(;}~:·:,;:~;::_:described· in this paper.· ' · · · 
\~:-;~~;~§:,~·.~;~~--.~A-...: 1 • • • • • : • • • 

1\;\{{\:;:::~?,~r. .· ·: There is a similarity between the Mnct2·4~o .. structure and that reported 

;A.~}:/f~·?H::~:by CUlot !!·,e112 tor NaBr•2H2o. Dawson and ~uiiams3 remark that ~:mct2·4~o 
,1~.<{·.)~·,:·<::.:-< . . ~ ' ' . . . ·,· .. 

//t:~h~y .. ;,!L::.~d NaCt•2H2o are isomorphous, and the relation is further expanded by Grote~~; '/j~.;:· .. :._:;~: 
:Ei~~t\;i,who states that NaC1•2H2o and Nallr• 2~0 ..., ison"'p~~. : rr the nxmoc~~!;~~i~;G,i,',' . 

:/\f:~{·~:i;·;>:. cell for NaBr•2~0 is doubled along its! axis and a different se~ting ;.{.{-::::;;J~.:-> ... <_:i.~;::,:·:: 

[;'!~i[Jjf chosen, the resulting cell has axial ratios 0 and.} angle as follows' ,'. '',:t:?;r ';;;, ' t ' 
:</>·:~:•t· .··a : b : c • 1.171: 1 :,.o.6S.3 with p • 97 • .3 ;. this is quite simil~ to·)<):::.::·.~.::\/.,:., 
/~\-::::·:::,:!;}:- - - . . . ·.. <; .... · . ' . . . ·:. . . '.: ' .:. .. :. . . : ;~::;::<7i\~';::)(/:::- > ' 
:::/·>.':·~.?~\the values for Mnct2t~o<·r,eporte~·:~reer:--:.The Na.Br•2H2o _structure ~so·::;)::;.:/~:;::;·~:~)/:<;~.~·.(:::.. . 
.~:'~~-~i) .. ~:~--~;~_.)_:·.·.·::-;.: ,. :· ;·:1·~ .· ...... _~··· ~>.::····','•: · .. ··:·): ... ···>>"· . .':-<· .... , -~ .. : .... t,< (.:: .. .-.·· ~ ':;···· .. ···\ ': .· ·.··.·~~l.:·<"·.:·;--~ .. _·t~.~-·(.<>''~.· :_·: .. ;~·?-· 
· :; . <;::,:,consists of octahedra .. with· the·.halide··atoms adjacent.-::: These octahedra: :.~'t,. ~{,.,~i':<r'': ·:c ~ . 



• ·,< 

-... ;_ .. .-... . .. . . -... -. I 
... ·- :_:. . . ··- .. \' . _.;.;t~ ~ .-.~.··~,· .. :·,.::,.~~--:~_ .. ·~ · .. -- l- ·,.:·. ~:·.:_-:_~~ .. -~~------'-.-... ·._·:_·_- _J·_~.---·.-.··.. ' .. f :~~-:.'::_·t:\:' ~--· . . 

.. . . . . . - . .-·-; .,i, :-~~-~ .:·: :;·=.: . ~7<: ·:.: ~- . 
~,k,:.: · . · · ,··,·>!·. i. · · .... ·; · . . · . · ··· . , ·. ,<~r.{:s:. :.< · , I 
·-<· .. ,:.. howeve;r1 each share an edge with each of three adjacent octahedra, con-··- ~~.:'/::: ':,·:~;-> : 1 

--:i:-:·~~/·/ .. _( . . ' : ~- ~·_. __ -~ . ' ;,; 1 • ; :. ··: ~ ' •• ' ·:· --~1.:-:'~(::: ... · .. ,1~,-·: ~·;·~.: .... ' \ 
Y::·:\:~:::·.':sistent with one extra anion in the formula, and.form.sheets in contrast: ··~·<.e<_·:~.:")::(;_,~: i 
;;-_:t:·~::;_/< - · - - · · · ~ _..... - , -· · · • ·.;r;;_;~!-.>::.'<:;y,·>,:'J~: 1 

.. > ·<with discrete octahedra in MnCt ·4~0. - -.... ;!:.-. :-...J .. n 1 

}:•'·L\.;>. . - _ . 2 . .. ··, . . · . . - ... ~.·.)::<:~~:<:;;·~,~:-;~,:·. i 
/:'(!,\··;:~?: ~o~n BO~ll eight independent H atoms were located from the .,.,:::·.>;;·/. ~.-·:\·,·:; · ·t, i 
:::;?:~;·~~~-;-·/·:·_:.~:. .W "':"'- N NMNNN,_ , . ' , ' ~ , . .· 1

.. , ' ·~--··:~;.: .>·\/ ... ~.·~_:. . ~ 1 

... /:_;,_: ;'difference function calculated after an anisotropic re,f'inement of the seven:'/><.~,_.~-.::~:·.~,::·,-. .. 
. ,.: .. ~/~:.: .. ~·~:. - . . . . ' ' ' . '\~· .. ·:?.;,:~:.:~--··::~~·~:::·~~ 
:·· '.f~.;/ heavier atoms. Four of these are in a suitable environment to participate ':' ·.:~~.; :.<.~. ~,.:. 
:;:.-< :),. '• ::<:: . . . . . . . . . . ' . ::~\:···~;·. :'_.· .~ ·: :_ ·• t_ • < .•. 

',\:'-:::~:---:in hydrogen bonding, but the other four have no close neighbors that would~ '.'i'.' :'-'? :. :. ~ .. ., 
; ·:;' •• ;·":::~·:·.:. • • ,.. ••• ' • ' • • ~· ' • ~-•• ... 1' ... ~.) >.' ' 

c :'.::':·::.> indicate $Uch .bonding~ A. representative of each independent H. atom. i~ ·'~hown··::· ., :·.·:·, . 
. j.• .· ' ' ' ' ' ' ' :• ~ ' ' <•~/.:,·~) ~· .. y~ ~~..:·.\ ·~:~-· ·, I '' :. 

_.-;;:_:,<.'.:,.·.~in Fig. , i 'and: appropriate distances for the four bonded hydrogens -~$·-~::<~\:{:·,>(:-:,.' t··.~·;.: :i 
·.:_.:::~;~r.:.:-;:· ___ i:.:•· ... : .. :· -·~ : ......... :-·:~· .. ·, '. . '. ;, · ~ :;·· . .··.' >~··:]-~;~:·~; .. :.::·t;~>~~~-~~:;·~<.;·;:-~:·.~~~~\·:~- .. ·~ ,_-,';':· :~. ~~ 

. indicated· in Table V. The four hydrogen bonds are as follows.·· .. :·:·:·;,;:·.~·.':~:.,,~.:><>':,',. ·,:· .. , .. : ·.:. , 
- . . .. . ·.:·: .. (.::_:-:.··: .. ;;::·; .. <.:·;·_.·.\,~r~~~-· .. ::_;;.;~:·_. >. ~..:; ··::· ~,... 

_ 0(1) H(l)l' .......... • Ct (1) · .3.17 A :: ·· ,.. ,;·.,..,:,.,._.., .... :-• .,. ··:· .. '·r'· '<:-· .. ; ;,. :··.- · ·. 

0(2) H(2)1• ...... • • .... Ct(2) ·: .3.17 l ·. .-.·· 
... ,~ . ·1'··:. 

0(2)1--H(2)2• • • ....... • • •0(1) :-, 2. 9.3 l .. . ... 
. :·. 

' .... 
'.· 

. ' : :.. ~. 

0(4) H{4)lu•o~u•••••Ct{l}, .3e29A. ': ;' . 
. '-.... 

distances above represent hydrogen bonding between atoms in: ·.-.. , .. _.~:.-:".:'·.:; ... · ·. --· 

'diff•:t~::::a:alculated for tM o-H distances 1n water,rrom- ..• :i'§rjfjy;?,~ 
·parameters·. listed in Table I are .a ~and<;l;o A for O(lh .a and • 9 A for .. /':: >;;::::5 _ -,~_. <. 

::.~.:>:> .. :~·· .. o(2); 
1 

... 5 and -.6 .. A for 0(.3); am .9 andl.Ol for·· oC4)~ It:·is because of·S)<t:;:?\:)~:>\ _::
,·'·:.}":.~::i;:~: . . . ·. ·:: . : '': . . . '.::.:·::·:.<~~:.<·_:.:.;:~~:.-::,· · .. 
(',/·::_:·:;.·.the limited accuracy of our hydrogen parameters that we have·not presented ·/:~:··:.:.::::.·:.:.:,.,..;, .-. 

?t:'~jifr detaii.d list ·of distance• :;~re=ge~:,~~~· · A • , \;:·;~<ir;.,/::: 
·.~:·/_:··~~.~·;~·~:-\}:-.. · . ,· . . ' .. ::::·:.:~ .. ~·-.:·:'~:..:.:{.>> --~:-~·-::·.!~:· 
·:.::c?~·:?/}: (l) '.Work done under the auspices of the u. s. Atomic Energy Commission.:: .. ··::.-:_:·:·:.-./ .. _\; · ... 
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:·: .. --~: (.3)~_ H. M •... Dawson and P. Williams,.~. ~hysik. Chern., J!, $9 (1899). ·,;·:,;::' -~-- :-.~~~{:;.~./:.:}··:{.·:~··. 
: :: -~ ' :: >. . . " . . . . . . ,. . :·.:- ·.;;:::·;~·. ':>;> ' .: ;·:· .... ~ ,·: : •', :><·: 
·~::::·~,.~·; __ (4) .. B._R. -Penfold and J. A. O:rigor1 Acta Cryst., },~ 1 850 (19$9). ·.: .... 'i~;r·.\<~:/~>,;<·/::.;.:~·:·:·:.:--.· . .-. 
· · · ·· .. · -~·\· ... ·.. . · .· .. _... . · "~· ·· .· .~ .. · . y:.- ... - .. ~ ~ ·_· -.· ·~ · ·, ··.; .. ·:·.:~~/·r};~~:~;-~~~;.:_~r .. ~;. .. ~ ... ~·::~.~·f:::~:>:··.·~·<. · 

($) ;, z. ·M. _El Sa.f'far and C. R •. X. Murta, Acta, Cryst., 12, 2a5 (1962)~ ~·;·:/~~~:;:_:.;)'.:\~ :·-.:;, ::·. /• 
, • .. "o!, • • ~ -~ ~~. • , , ' .: ,:::: '. • '. ;.'_ ,; :· • • ':,~·:;. :/ ' • .' ·~' ·: :·:.::\ , : ':.::_.;; •(:: '._: ,;( • • 'r.: :_.. , .: • ·. • · · ·,~:).:~!: ,;; >~: "!~~. ·/~::':~::··~.~~··~ :~.: ~~:•~-- '< •\,"~~~." ~·:· ~~·· .~.· ···:· ... ·:,

1 
1 

· ·.·;,·. · : (6) ·.'c.· ne~. :~npt. R8nd. J~~ad.:;sci.·~ P~~~~·· ~l~l l24S :J~954)o·.->;(···:. ·-:::;.·-:·,:.< · ·: :~.:-'. .. ·: 

:~,·· ··,:;i• ,:,;: ·d :,, :;; .. ,·-/;:·;:~~_,; •. :; : ~; :;-:E~~r;:*~~f2~f~~;:~:lf!:,~,~~:.~~,~:}~:::f.;l.:~·:~;·: ;:.~-r·~::·:-:';: '~. • .· i .. ~· ·•·· ... ··.· ·:·· .. ,· 



' . . ~ ' 
''I''· 

~ ~n-· ...... ~~\~;~~~ .;:. ~.~-·-.·~~ -.~~·:·~~ .. -.. _:.~~:;! +~( t ;tr~·t I 
. • . ... '!.. . ·.:··· : { .. ' :- ··:. >: l 
• ' ; :;~ .t.. ~ • ., • ·; j 

Phys. '' r! ~ '45. 6 ( 1_ 96o). .·; : . ; . ' x: ~: . ~:~:.~:~~·::~ .... :.. i 
t4, .. I' ,·,,,'1· 

(7) w. E. ·Gardner,. BUll.. Amer. 

(6) .J. D. H. Donnay, "Crystal Data,"' 
.. ~ •. 

.1', 

~ ·Monograph, 2nd. FD.ition, 1963, P• 161. 
.. ·:' 

$ • •', ~~ 

·,···.,' ;. ··,·.·, 

·. ·:'• . :. . ' 
~ '~,' . '• .,., 

';'l ··.· 

.. -~· 

~>.:··· 
'. ,·l· .· ;,_, 

:· . ... 

. : ~:~·' ..... , 

(9) J. A •. Ibers, "·International 

Press, Birmingham, 'England, .:1962, 

(10 )' D. H. Ten;:>leto.n, ibid., P•. 21$~ ·. 
.:·· 

.· ~,:- Publishing eo.·, 
-···: ·· ... ' 

-:·· 
,. r. 

·•·. 

,.: 

..... ·' \· .... 

1'', 

·'• 

'•, 
•. ·,, 

··,, 

.., 

•'' 

•.:. 
..... _ .. · .. : ... •'' ·' 

1,,. 





• '.II~ 

'·::. 

,,._: 

... 

-' 
I ~ . : 

... 

. _(,. 

. ' 

J .... : .-

!' 

J\ .... 

,._1-e:e;-· ---- c-~---=:=ao-;;.4' I ....)· 

Oocf/ o ·.·. 
J~Cj&bi? ....• 

0 6~~6~:·/::~f'.~:i•·········; 
{~fa. .. ,-·~\ .. ,;;;;;;.{ .... 

...... ,,.. Q~>?o :::~ .. ·~.:}_).. . . \..:Y . ., .' . 
. @ /Ciz 0 , · /7 ·· 

•. d ·' /I:Y? d ·:· 
· · ·· ·~.J$iQo .. /JcS_~r-?.i{.,:x"~·' 

·, ... _ :/::.~·~:·:_: 0 ~09.. . :1:.L.;.:··.:.).?;:;; 
· .. : .. ~ •: :· .. •· .. -·.-~.. I , .::.. . . ... ~ ·.,;:> .. :··: ... 

;.··. 

····.'"': 
~-\. 

·.·: .·':.-; 
. ·-,~ . 

1 
I 

.{ .:\~ 
!,·· . 

. ~ .·. ' ... 

·--)~ '~ .:...~· 
··.-~- ·.. . ' : •.· _-,. 

.• .. -~., !" -:· :· .: •• .-~~- .. ;:.r:. -. . . l 

:_ :, .\:·:·~-~-~~:--!.> ( ·-·. •,,· .:·!::·: ;::~~ : .. : ;_/_ 
. ;: .. ~ "\, -t . ~..... '·.! :·.: • . <:' ~ l !' .. ·' 

'•,\ ·. -~:"/. - ''.. . . . ' .: 

•.-· ··-:.·- . ' 

. .·_( 

\'-
_.;_,. 

.... 
._ . 

: 

.... 

... 
•: 

f•, 

.. _:~.·.- . ·· . .-'-. 

.• ::-·i.-

~· . 

. ·-~ 




