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'IIII-; i;aii-; n|- i iii': i;i:.\rii'>\ lunw i;ia misiaiuis acid

AM' lulilNl-; IN Arm >(>l,l I ION : IHK |; VVV. (>F iiii:

i;i;\ I i;sK i!i:\» iion; vnd tim: i:<m h-H'I-'HM

I5i:i'\\ i;kn iiiKM.

in .1. i;. i;iii;i:ri i\.

INTRODUCTION

'I'lii' i-.[v\\ P'-i-iin 111-- I'll iIh- I'iiti - .11 uliiil, ilii'in'riii ri'.tiih.n- tak(-

|lhl(.- Ill l|i>lllo;:rl|.Miii- -\-lrlll- Jl ii .11 -I ;l III li 111 IHIMIll rr. Iiil l.i till' cllKn-

lillll.'ll 'li lllc -i|ll|p|r I.IU IImI III' l-'ll' III 'lull III-, nil III /< lirii ji'.rt IDDill

In till I mil I iili'iliuii^ iif llii nuiliiiii \/('.>7i». . . .// Ihiit niniiii iil."

,/, ,/ii /., A — ,,-,( I! , ,tr — I , . . . Ki|. 1.

('ill-MlclMlhill^ l.;l-..| .>ll llli- r. I
l!i..ll-.!li|l Ill'lUcrll l!lr nili- of ill-

\i|--.- rl|iillh;ll r.Milh.li- iilhl ill'- i i .III j
i. i-l I |. .11 ..f till' -iN-Ii'lU .1! l'<|inli-

l.l'llllli I (illi.ll.rru nil. I \\;l;l.:.-'- i'.|IHII"MI llhl'lr 1! M'.')ll I .l'. 'i i.l Mr lllill

llli- hiw -I1..1.M lir I Iill.'.l. ,iii.| tii.il till' . >iii . nirali.'ii n\ .:! h i-.:i:."'iil

slmuM iipiMMr ii.~ ^1 fill 1 'I- nil ihr rij'il i>\ iv|. 1. nin i fur i.i'h iiinliiiil'

iif Unit .^iilistiiiiii iiil'iiii'i nil'i III' ri'iil I'll : an.! th.' i'\|ii.'»-;mIi

'h- 'IK ^ I, K .i)"Ai-- .n\C — xy ... r.j L'.

ci>rn->|M.ii Imii: l" tin- rli.-iiii< iil i-iiiiatLiii I'"!' tlir ri^ulMii

<.A 4- ij\'.-r vV + . . . - .)!) + rE+ . . .

iiiav I..' i-i'i;aiil. li a- lli.- I iiii.jaiiii'ii'al i'.|ii.ii inn .if (1; inu.il K iin'tics.

'I'lu' iiialliiiiial iral . ..ii-.'.|ii'iii-.- <<{ llii- i'.|aali.iii li;.\.' Iii'iai (|i'\ .'|.i|ic.|

at Iciijilli r..r a iniiiil.iT nl' lasi'-.

Il I- vi'r\ c|illi( nil. li.iui'MT. |.i liniiL' iiiiiili ..: ' !. ni.'iil \w.rk nii

Cliriiiiial Kin.'lu- iilln lilh' ui;li \'" n'i|i|il'.'iii.'lil- .i|' iv|. ".'. airii"U;;ll a

^n al lira! •>!' iiiLii'iiiiii \ lia- lir. ii r\ .I'l .! in lli.' aU.-iii|il. aiiij iin in-ita-

li.iii lia- li.Tii -li.n'ii in uriniiL:' r.inniiia- 'i<<\ ainl a-mliin^ |ir..|i.-ri i.-- in

li\ [inlhi'lical ii.ilii-..lal.l.- •• iiiliTiiU'.hai.- |irnilii. I-.'" in ..r.l.T In lii'lp mU
till' u.-siiiii|itinn 111' iiiia;jinai\ '" initial rcai umw.""



litjt)
./. It li'Aurk

riiil.T ili.-4' iiniiiMMitii..^. II w wurlh wlul.' to cviimin.' tlw Uuuhi-

nwiu^ ..f 111,' tli.-..n iii.-uluii .ritiv^illv. I'Im' iiitr.Mlr.cti. •. nf iln' ill-

din's into K.|. ,' i> Im-."1 "h til" -..-.iillr,! • kimtu- virw ..l' .
lh'MU>;il

..|uilil.riuiii." \i/.. : IImI in a -v-inii al .•.|in|.l.iiiiiii ill.' tw.i o|i|i..siw n-

iuliniis iin- >till lakin- |.lii('-. Init al fiiiial r.u.'-^. A.-.onlinu' to tliis

\i,-« tlu- cniufiitralinii lunrii I' (iiiMlHT- aihl Waa;.'.-"- .-m".!!!''!!
i-

to 1.0 r.'^'anl.-(l as tlir .nmn.iil of l»o otlu-r .oiuvniration fiindions Im-

loIlj:illv' to the kniclic .HilMlioIls ol' 111.' two ..|>!>osil,. mlcliolis.

'riic i-oiisitiiifiui's of Ihi- assiimplioii hav,' Im'. i\ siilij.rti'il to a

strict test in one .-a-.- oiilv ' m/..: tin- K-l.'nli.atioii-Sa| itlialioii r.Mi-

tion, a rcailion wlii.ti in '^^'y iv-p.vi lu'liaws ii..rmally: lii.' rc-.ilts

wtT.' in act -nlaiKi' «illi ill- thn.rv of kiii.'li,- c |iiilil.ritim. Tlic i.n'smt

nwarili wa uii.liTlakcn wilh a \i('w of ascTMiiiiii;.' wlu'tlnr llii:- tl rv

may K'j.'itiinat.'ly U- t'MrwlA to roailioiis who-,' ral.'s ,aii l.c ar.omilcl

for only \>\ assiiniiiiir tln' .'xiMrni.' "f liypollM'tiial iiil.Tiiu'.liaU' coni-

jxiun.ls."

Tlic n-aition s.'lii t-.l for tin' trial was thai Ix-lwivii ars<'nioiis lui'l

and iodiiiv in arid solution. TIL'S.' sul.^t.uuvs r.'i.l t.. r..riii irs.'iii.- an.l

liv.lri.nrn- ail. Is: tl\.' r.'a.tion is r.'v.'i-siM.'. ami uiid.T suilald.' .-oiiditions

of It'iiiiKTanir.' an.l .lihith.ii [.r.H.v.ls al a ral" i-.im.'iii.'ii, l'..r in.-asiir.-

nu'iit.

'I'll.'
" ..r.liiiary

' .Ilmh. al ('.iiiali'.ii ri]ir.-s.'iitiiiL' this ri'a. lioii is

n Aso, + r-f "/) = n,.^>o. + 2111.

A.l.'ptiiij; th.' n.ilati.>ii of III.' ion tl ry. tliis ..iiiali.m may he wrilti'n-

AsO, + I
,
+ ll.<» = As( ». + :;! + ifl, Kq. 3.

an.l til.' miidilioii of ..iiiilil.riiim is:

,1.1'

C.llttt. ::

jjl'
:'

K.l. 4.

(wli.T.' .; n'|.r.-MN lli.' . ii.rali' ii •'< \\«- A -n
.

/, ili;,, ..( ll . I
.
an.l

so forth in tli.' ..iM.r ..f K.|. :i. 'I'll.'
•• .•..n.viitrali..n ..f tlu' wal.r" is

constant ).

This ..|iiali..n is in aiii-r.-nn'iil wilh lli.' . \|..Tiin."il- on luililiriiiin

,,f Tnhl.' \\X11I.

'
. -.Iiv^. .Ml. in JJ, J.i^ . 1^'."T),

.

- N..llii!n,''.-.iiaiil is kij"iMi as lo tli.- i"lis in s.,Uili l ^rs.iii.ius a.i.l.

S._.' pMK.' -''1.
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lUncliiiii bttween Ar.iriii"^is .\'-i<f 'iri'l Inline Wl

Predictions of the theory

A.Tonlin^' to th. iliiH.n ol' kirh-ti.- ii|inliliriiii... tin- ('\|ir(s.-in-i

iiiu^t !«• ri'L'arili""! ii- III'- "(iioticrit of two oiImt". for iiistantr |i)

ah anil s-y-'---. ioin'.]ioiiilinL' :o thf kiinin- tiiuatiou.-

:

,1.1 ,in = k..i I', anil - >h ,W = /.'..'// .-', K'lt ">, '!

Slionld llif .•\|»Tiiii.-iil^ -liim- ill t III.' rate of oxidation of arsi'iiioiis acid

was [in>i)orlioiial to III'- lii>t •w-r-i of tin' c nicrritratioii- of lln' .\.-(>,

ariil \ . the llicoi> ttoidd r. in- lliat ihr ral of tin H'V.t ialioii

(n-ihi.tion of arsciiic aini liv hydrojrcii iodid.) should l«' ir 'iiui'

Willi Kq. t>; and iIk- " r\|ilan,itioii " woid.i Im- furiii-'li>d iniiiii:

thai till- rradioii- wliosi' rales are u-,\\\\ iihasiircd " arc i.orc rcprc-

,-. • •,! in K.i. :i.

liiil ihis is i>li\i..ii:-lv not llic iidy way in wliicli the fraitioii in

iiiicsiioii .an Ih' <livided into two factors;' a niinili.r id' oilier |)ossil,ililie-

arc ciniini-ratcd in the following' i>ara,i.'ra|ihs.

(lii ,./, ,/ and I I. if-.:-: a ^i iiiiii; lli.' iii-l,ril,i;.i ..ii.- reaction

J = I, . I. this mav Ke explained hy the (lictiiical reaction:

A-U,+ l,+ n,()^ AsO. + 21 + 211.

(ii) .'.'' '/"'. and I i.ii.:: a--iiiniiii; tin' iii-laiilaii i- icaclioiis

|^= 1. 4-1. anu 1 +01i - l(iU-f-'l,lhH may ho explainod hy the

chemical eiiiialion :

A»(),-f iM)i = , .. +ri + i.

( i\ ) -/./- '(-.:- and ' '.'( ;id '
.ii: lo ;li,' ;'."Uiii|Moii- of (ml llie fol-

4-

lowiiiir, vi/. : IIOl = II 'M, till- case may he e\|dained hy :

.V,(, , ()| As<», I.

(v) Ki|iialion 1 may he diaiiired into i' form:

' S..in.- .il 111.- |...s^ib:. farlnrinL-s ..livinislv cannot corr. si.on.i to. kinetic

.(llalion'^ T.I (I1....S.' ail exin iiu- cas.-. n. .iiul 'i .i-.i('.;-'.



Coiim. = "
''

iikI this itiiiv li,. factcivd. !•,„• iiistiiinr. ini,,
''-'

^iihl
.'/'-'

I '-.i/.~. wliii-li

iiui;. !« cxplaifKMl l,v til,, help „f 111,- nactioiH:

.j,jj

lit
,
+ M ,0 =: 10,11 + :,l -f- ;(1I (ii,8tuiuaticon«)

L'AsC), + iO,,Il = L'A><>. + 1 + 11.

'*" ''"''"> '"'I' inniHT,,!, r ^11., I ,!, ,;,.i|nr „r ihr ln„ii„M of
l-.'l- I nui^ l„. rmiltipli,-,! l,v „iic aii.l Ih,- saiiic ,|iiantitv (to,- iMsiaM«>.!
h.v ;). ami th,. |,r.H|,ut may ho IWioiv,!. InJ.-r this hva.l wn„M .on.o
.•.\|>hiMali.,ns has,',l „„ "nilalysis hv hviro-n, i.ms." etc .-t,-

After ,va,lin- the preee,!!,,- pari-raph-. the il,ni,::ht >ii'.-,..t< itself
'''" " ^""•'- » •'''""It Mliuht he l',,.,M.i !n -,il,-„i l',el»een . on-
;""" - ^""' ''"•- '" '^Vhw.Unu- u.,n!,. |•,„,he„n^,e^ Th,.
IM'-I "I ll'i- r,.-,.are|,. h.,«,.ve,., wa- 1,.,, to ...ek siul, ,.M.h.Mat i,.i,>. hut
" ^'^^"l-'^"" »l"ll'"|-

'
.:in,.e|,„„ l,el„ee„ ,he fn,.,,,- , , t th,. ,.,!, ,,„l

'l'"i'l'nin,i lun,u.,M- ,„,Miih,t,.,l U, th,. ih,...n. .ai-i. u, ,-,.,|nv

,X.. .', ^.LJ.LU ,



lieartion l-dinni Ai\seni''iis Acid iu<l Iodine 3G9

PART 1.

THE RATE OF OXIDATION OF ARSENIOUS ACID BY IODINE

IN ACID SOLUTION

EXPLANATION OF THE TABLES

Units

F.ir (!u' |iiii'1(hsl"s kI' i'ii> |)n|ii'r, mii" unit ol' arsciii.nH iuid in de

liriiM ii- ill.' (|iiiiiilil,v <.r Mi<''innii- iiLhl iv|in'sriiliMl hv llir >viiiIhiI AsO,

III tfiilij;niiiim.'.-: llii.- iniiv.-.|"iMas Ic (•.'.•:• fiiMiuims of wliii.' iir-niu.

.Siiiiilarly. mic iiiiil nf ;n»iiii a.iil i- l.Vi ^'iMiiiiiii'- nf II ,\><),. <»ii.'

mill ,:! •• fnv loiliiir" is :! \, l.'-'ii'.' ,:;raiiiiucs iif I. (•• tiM.Mlion "
) ; it

iiiav !» nlitaiiii'.l l(> .j.ss.iUiii- 'J l.-.'(i'.t -ramiu.- s..li,| io.iini' in |"ila<-

Sllllll inilliir -olllllnll. OlH' llllll nl -l.l.lMir" lua> Im> (illlai llc'l li.V .ll-

siilviiii; :! -, l.tHi j;raiinH.- p(.la.->iiiMi Kuliili.' ; and "iif mill nl' siilpliiiri •

aiid ((i.:is Hiaiiimr 11>">,| i> i->nlaiiiLM in .'!> o "T " nnrmal " -ul-

phiirif aiiil.

I.'i'lin-riiiin- \>\ A. I!. C .ami I ». lln' iinnal wn-lits of llir tnnnlioii,

aiMMiinii- a. 1,1. indinii, iiii.l aiiil. cxinv-so.l in lli.sc mill-. a;i.l liv .r. ihc

nmnli.T ol units >! Irii.nli.in iv.!ii..cl al liir iinic H. thr ri'sidnal \voii;lits

,,|' ll < I'liir riiii»liliii'nl.~ al llii- iiiiini"nl » ill I'f A ,
15 — i'- ('

^t-
''•

.,,1,1 |! , ,,. In a -.dull, ,11 \\li..>;- Iniliid ,-,.iiii„,-il nm i- kn,,\Mi. llw

i|nanlili,- ,,r all r,,nr i ,,iii|',.n,'iit- .il
,
am iii,,iiii ,ii nia\. lli,'nd',,ri'. Ih'

j,s,,.rlai I l,\ .l.t'Tiiiinin- lli,' " li'''' i"<l,n,>" l,v -iMliuiii llii,.-nl|diah'.

Till' unit ol' vi.lmiu' is one liln'. TIh' miit ,>!' tini,' is ,iii,' niiiiiit,'.

Description of tables

At ill,' li'MiI ,.f i'ikIi laM,' is L'lv Ml the t,ila! vnlmii. ,>!' tli,' «,>liiti,Ki

in ulii.li ill. r,'a,li,,ii was ,Miri.,l ,hii. aiitl aU, |l',' iiiinilnT •>( iiilits of

ca, !i roa-cm |H-i'^rul in tlial v,,|uiii,' al tli,' ni uii, in ol' iiiivin;;.

rmliT ' lu'ailiiii;" is I'lil, lo.l Mic nmiilicr ol' c^ >( s.^liniii llii,>5nl-

|iiial,' 11-,,! ill ill,' lili'ali,ai; this is prop n'tional t'l lli,' .•,,rn>sp,indinjr
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X|MTniiMM,. „r S.Ti.-S l(. lliis ,.„t,-v l,,,s ;,

"' 111.' taMvs l,y ,mMiis„r,|„. roll, .in;: ,.,,„;„ ions:

rf.'./''=2.:{(i/., (A— ,),'

whenco /,\,V D = A,.

In
..J..H.,,n,,l,,,s,...,s,.n,.. ,,,,,,,,. >!..,,;,., „,„|„„ ,,,„,., „,

TT "• '•"•, '^""•"'•- l-.n„n «... n,„H. .,„„,.. ,ut•- "1 an exponrnfal n.rtl,o,|, wh„.|, will slmnlv 1„. |,„l,i,.|„.,|,

METHOD OF CARRYING OUT THE EXPERIMENTS

--'--" -'ll-n...,,l.,l,,,r snow an.l «.,,.,.. \, ,n„.n.Uo .

;

''-In,,... I,..,..,. ,,,,,,, .,,.,,,:, I,,, t ...n.,„.,i.n,|,lK.,n-

The initial composition

'I'h,. ..o,.I s„l,„i„n, fr,.n, . In.l, tho ,-, ,,.| ,„. „,!,„„,., w,.,v n„„l,.

,7" r
:'"'/":'•"" '''"^" '-'"" '-''"" -'-.'

^'"i >l:in.l.nl,,,,| ,„ ll„. n-M.I „. ,.
' " "''

'" '''"'I;""- "" '"M,„l
, ,„.,„„, ,l„.

, „r ,,„, „_..

;rV;':"""""^"""'^';"
'"""-- -|'h,.,„ ... ,,,.,i,„.„.,i „.

'";''"'";":"" :"'''"'''''' ^'""-iv-.i „.,i„„.; „.,„„„ :

»^..hMj^^l„. |,.„„-.„„„„„|„|,.s„,, ..,1 rr.,n, .,.„.K <„h,„„n ,111,
' "• "" '"""^ •• ^•"" "• '^ '' ""^ r. u ,v , „, „
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in cal.MilatiM- l\w itiitiiil .mmoiimI of tli.> io.lion. Km- oxaMiplc in nuikin,!,'

„,, tiM- solulion r.M- il... ..viM.nMi,.|.ls Mf TM<' I., I »>'-\ -"li.in. ai-wiif

^oliiiio.i .M' ... ...iilaiiiin.i: .Ml > lli.l KiiH, iinis As(»,. iiii.l so.hi siilli-

,i,.ni I., n.uinili/..' 5o :-, o.i):;;m; l.'.is uniK of Huipluiri.- a.i.l; i.-linc

M.liiii.Mi •. .V. ...nlaiinn- :. v i;..- liMiii (•.-.'Hi imiis trii...li„n. ami

:, \ i;.ti iniiM it.ii>.s uinls i.i.lii.n: |Mila^>iHMi i.Mli.i.- miImIi.hi •>ii cc.

ii.,ilaiiiii';; •"'' \ -"•'••' '""" ''"' uiii' i.>.li..ii-. -iilliliiiiu- a. 1.1. 10 cc

!t. i;! /(.a.i.l I.; I'' unit-; wal.r, l>i."> ..

ll.'liiv III.' inilial c.inii.^ili )l' tli.' .-i.il.iti.'n was:

.\sO,. -.'.i: nnil< U.

rrii.»ii.'ii. I'.- I'' unit .\.

loili.iii. l.i; -I- (i.tiss I. ."ill units I'.

.\,iil. 1.1 lo - I.''S -i.'.-i^' nnit^ I'-

\ iiluiu.', '10(1 CI' UX> uinl \'-

Determination of the residual free iodine

i'n.linnuarv ON|MTini.'Ut- sl|,,w,.,| that s.MliuMi thi..-.ul|,l.at.- is

,,\i,li/,,-,l l.v a.i.l s..luti.ins f>r ars.'ui.' a.i.l. lUv rat.' n( ..xidalmn in.T.'as-

111- with iM,rca.s.-.l ..ui.vnti-ati..n ..f Hi.' tlii.isiili.Iial.. an.l ..I' lli.' a.i.l.

.\>'.liliili..ii. ..! ivni..\al .>f 111.' a.-i.l (Hv acrtat.s or ,-arl..>nat.>s) ac.fl.-

ral.',- til.' rat.' ..I" ili.> r.'a.tinii 1>.'tw.'.'ii .ir-.Mii.uis ari.l an.l i."lin.'. llu's.'

,.li\i.ius mi'lli.i.ls .>!' .n.T.'.'iiiiriL; Hi.' .lilli.ully ».'r.' .'\. lii.l.'.l.

A ,|i,>ial nn. -Ii-ati..ii. Ii..w.\.r. -Ii.iu.-.l liial il .:ir.- «.T.' lak.'ii

In av.ii.l .'\..'-s .if tlii..-ul|iliat.' .lurin.ir tli.' tilraii.m, tlio orr.ir .hi.- t..

111,. cM.lati.iii ...ul,l Im' n.-l.'.t.'.l in s.iluli..ns .-..ntainiri;.' I.'ss than .".0

uniiniu.- -I' II.Sn, |."i- iiliv. I a.-,.ir.li;i,i;l> r. .-I ru-..'.! ' iii\ lu.'asur.-

Hi.Mii. to -.iliili..ns whi.h W.T.' M..ni\al ..r 1.-^ than normal witli r.'S|.,.,l

to ill,' a.i.l. 'rhc ^rr.'at.'r jiarl <<( th,' lliio<iil|<hat.> s,.luli..ii was run in

,|,ii,.kl\. Ih.' ...ut.'Uts ..f Ih.' l.-ak,'r l^'in- w-ll siinv,| m-'aiiwliilc. au.l

111,, liii-alh.u was ...iiij.l.'l.'.l with. nit .'\.-.'ss ,,r llii,.siil|,liat.'. 1
.'n-

' \ llir.- of M st,-..nt-s..liin..ii.a- mm :,iUall.,- .ai U.. 11:11. r.i,.lil.v .ns....,lv..s Lm

Ki-,Tii,u.- ..f ai— ni....^ "M'l.-; I'.u if s,„l, ,, s,.l..ii..,. !., a.i.1111,-,1 11,,-. cr,>ator

pan ,.f ih.. ar.,m.' «11! .l-ystalUi'. 1 This .-, t a Un.it ... H.- .,.M,--m.-ati..M

,,f III,- ars,-ii|,.iis 11,-1.1 111 iiiV >c|i.-i-iiii.'iils.

B~TT^~~si^rr^^^«°jpiji r'^r*.:^99
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'l".n,.iy.l .,. ,l..,..,„un,. th. n.si,l„al „rse,no„. a,i,i .lir.vtlv l.v I'.-n,.,-.
""'I-'

• "It.T r..M,..v,n,. th,. ,ri,.Hli„„ l,v „„|„„„ ,|,i..,„,,,,,,„,
'

.,.,„. ,.„,,
l-"t l-»,.v..- w,.s v..,-y ,„>s.,isra..„.rv ,,„. .l,„.l., „win,. to ,1„. l.r...
''"'"".,"' '' ^^•""' ' '" I"--'"' ^"1,1 ,1„. aft..„.|„ w«s,nv..„ n,,"

In tl... rxiHTMM.MHs of S..ri,s I!. „|,..,v trii.>,lion w.s in ox.... ,'|„.

•"•^"'>.. was l„..„„ ,. ,,,,,;„. n|.,.„.xi,n..,.lv „on„„l .„l,„„. thii.s,,!-

;;;"7"'"":"' ';'"" i-"" '- 'i"^.'„i,, sum..!..,,, i,. n.,,., «,.i, .im,,.
"nn,,n,,.llvpn.s..nr,.,

:.n ..,.„.„„, .,„ivnl,.,„ ,„ , ,..,„i,.,„

' ^' '""•"; ^^'"" ^' '"'-'"• T'- '"'-"'• r Ii„,s w..n. ,1,„. ,r„-

'" •!"• t.>M- .n„l..r .Ik- Iu.;.,!,,,,. •• i;,,,,!,,,,," •. „.. ex,„.,„„..,„al ..r,-„r i.•;;'l-m...M„.., „.,,,,,. .f ,h,s „a.,Hv. where th,. v.l,K. ..r. .

''•";"„' '""-'-""-~ II 'I'"™- l,..,«,...„ ,„,. hu-.,. M.n„h,.,.
Al ,„,„.tlos „>o,l wcTo ..lihnu,.,l ,,t .he ..u.s.t l.v woi>H,iM.^ th.>

""•.V ^^'r'^'"""
"" •'"""^"' '" -1-..-:^ '': tMiiiiids was alhiwf.l l..r d-ainin^'.

RESULTS OF THE EXPERIMENTS

Series A

"7 ''"^"."\^"'" ~""""^"'/,.,| ,„ Tahh., I. ,,. VII. |„ all ,h,M. ,lv

;';':"'";; ;;'
"";"'"" i"-;- '

""
^ -- -.„ „nu.h i,.ss tha,, that ,;,

I..
. . ... ...n..,,n..,„h il-.-Hr,.,,„., ,|„. ,„..,,„„„„„,, ^^^^„^.„,^,„.

;'r
":'"";'^,""-/"-^: ' -i—-- wi„i,. u,,. ,. '',.,.., ;,

'" '"''I'- '• '!"• .....sia,,.. or A-, a. ..o,,,,.,,...,! with k... shows ,|,a, ,h,.
;;;;'""'""""" ''"''-'

i

'"•''
....•^..o., o,- ,1,,. m.

I* M [
jl HI,

.
,,'" '; .," "'^' """"' — n,r,,.,o„s or ,n,o,l,o„. ,„,„..„„„

'
'' '' '• ''111 that ril till. arse. lions
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METHOD OF CARRYING OUT THE EXPERIMENTS
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,il|,,\\..| lur. (Imiiil: L. ih.- slimt iliiiali.ni ..T in.-t ..I' ill.- i'\|i.'riiii. Mi-

ll.. II1..I'.- .lali.irali- |ii'i'.-aiili.iii> a,;:iiiiist llic ai-limi I'T .lir s.'.'iiii'ii ii.'.i'>-arv :
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..I' i-.'a.li.in »as ima-iir.-.l .a.i' an inlcrxal .if "iH li.iui'-. \m-i'.- larrii-.l .mt

in l.'-l-liilii's lill.-.i u nil ..n-linii .ii.i\iil - .111.1 -.-il.'.l.

Tlif iii-i.L'ri-s> i.r ill.- r.a.li.Hi wa- .l.-l.-nniiM-.l al iiil. rval- \<\ ini-a-iii'-
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jl< \,liiin. . Ill ..I'.l.-r 1'. -I'lp llii- rra.li-'ii .in. I r.-.lii.'- lli.' .
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RESULTS OF THE MEASUREMENTS
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!i..l.ls f.M- lii-lic'i- i-onc-nt-an-.ns as w.-ll. i- alT.inli'il Lv ill.' .\|i.'riiii.'nts

dl' TaMi- Will, ami \l\.. (wli.-r.- lli.- r.-a-.-nl pr iii in small i|iian-
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Wiis ili'tcTiiiiiicMl i|iiiir «liiii|il\ l.v kivpiiiir 111. (iiiiiiiiiiv (if tliiit r.'H'.'i'nt

in till' iiiivtiirc -iinll. in .oin|Mri->M witli lli.-. uf ili;> miIht-: tin' mn-

(t'ntraliiili^ «( lli<- \ii\U-\- Knii- llin- :ilni"-l iinilV. . icI liv riMrlioiis V,\U'\l\'^

pliuu in till <nliitii>n.

'I'lw int.T|.rrl,iii.iii ..I" ihr iT-uli- wn^ -nil I'lirth.-i- -iiiiplitiol l.y

Miakinfr u|« Ihc nii\liiri-< aKorilinLT i" .1 plan iI^-ciiImhI luidcr •Scries K.

METHOD OF CARRYING OUT THE EXPERIMENTS

As ,1 iiitiTi'in that tlir si.liiliHn- liad artiiallv rcadicil a slat"' "f

isiiiililirinni. it was oliv inii>I\ nut suirnicnl to mi

l>i>s, lions ri'MiaiMi'il 11

('\ i(lcM<r Wdiilil nut I'M

nailer. 1! t'.u- a I. .ml'.

111. I.

iil^.' siir.' iliat tli.'ir cmi-

r ..r ^li.irl.T [i.'ri.i.i <>( tiin.'' sucli

.r
•• lals,' .•.luililiriinii." It was neccs-

iiirv llien-l'.pr. i.. iiiak.' in. s.iliiiiuiis .• .nlainiiiL' tli.- s.ni ti.Ial w.'iiilits

.if ar^'iiic. |i..ia->iuiM i.«lul.'. hi.liii.'. -iilpli

.if which till- c.iniii.iiu-nts wvw .iriiriii ili\ |ir.--.iu a- aiv.'Mi.ins a.i

nil. a. 1.1. an. I wat.T: in '<n<-

I. iri-

iii.li.iii. null. Ill an. I ac .1. an. I in ili.' miIht a- ai-. in.- a.i I. i.i.liiin an. I ui.l.

T.i av.ii.l

.1111 in stiippiT.

ki>^ .it iii.lin.

I.n|ll.>.

Ii\ .\apoiMli..n. Ill'' i'\p.'riiH.'iils \\,r<- carric .1

11 .'a. h la-.' IW'i li 111 I.'- «.'i pri'par.il. nsiiif;

III, lull in .111.'the same v.iliinie- .if llie \aii'iii- ^Uh\ -c.liiii..n~ (pair.' 'i.

.i|' them 111.' .ir.l.'f III iiiiMii;; ua>: S...iiinii ars'iiil.'. --iilpliiiri. a.i.l.

i.Mliile, i.iililii'. an. I wal.r in make up ili.' \.i|iiiu.': aiul in tl llii'i':

S.i.liuiM arseiiit.'. iiiiiine. iu.li.l.', siilphiin. aei.l. ami «ati'i' In make up

till' sanu' v.ihiiiii'.

S.I iliat ill ill.' Ii''-I ea-i' ih.- ai's.'ni'Uis a. i.l na- 'Inw h .i\i.li/e.l liv

ill.' trii.i.li.iii. aiul ill ll i| ill.' ai'-iiii- a.i. I l.iiHieil hv ill.' ilistaii-

laiU'iiiis r.'a.li'in li.'lu.'.n -...liiiiii ai'-.'iiii.' ami lrii.i.ii.ii! was s|i.wly

I'.'.lii.'.'.l li\ till' liMlri.i.lii a. 111.

Kiiial aiial\-.'s h.t.' cani. i| iiiil niiU wli."i ill.' .iiianlilv .if ti'ii.iili.

was ihe >aim' in tli.' lu.i inixl iir.'- wiiliiii 'Ui' p' a iiitiimI III

ihan Iwenly-fiuir Ihuii'^ w.i- .piil.' -.iiHi. n in fm- l!i.' piirpn-.'

Itirei t lilrali.ii* .if llie ti'ii.i.liiin in lli.' snluii.'ii li\ -.1.1111111 llii.isnl-

ijiale was 11. it f.'asilil.'; as i n till' ali-iii.i' iif Ini.i.li.iii lli.' r.'ieli.ui lie-

Iweeli ars.'liie aei.l ami li\.ll'i.i.lu' aei'i wa- rapi.l .'miii;.'li |.i alfeel tin
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RESULTS OF THE MEASUREMENTS

Series E

ihniii- r.,iiii.i \>\ iri:i! il,,. pi-,,,, ,im .,,„- ,„ ujii,-!, ,l„. ,,,„,|, .,,l,|,i,,„^

""-'" '" nil'"'! -" ''ill "'\ :i ^'r^ -I jhi iv.„i„„| „.,, ,|, ..,..„,,, ,,,

iTilii; III,- -\-l.iii 1.. ,-,|n,l:i„ii,ii,
i

- -i„ii,|,,|,|
••

mivnir,. ). | |,n |,;|,v,| ,

-'I "'' '"""I'- ' 111 "ll" !i !'•
. M,, nil-;, I,., I, ,.r i!„. inl,„l„,„ „.„ |„|.,, ,!,,,,

"I' '•>• -t.iii'i:n-,i. uiiil,. |l,,
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"'' ii-ii'"li'>ii 111... I-...I. III.
I

II, '!„. ;ii,|.,l .1,. I,.,-,.,!. »;,il,. Ill tl„. ,,.,.,,11,1

it iviM,iiii-.l -tJ!;.,ii,ii-N. 1- ,.,„,, ..,,^ I, ;.,.;„,,,„. >,,||„ , II r.Hih.r .iil,i>!i-

li"'i I'l'il III'' ll' "I 1"'"' ' "I III"' ...ii,..;ilr,ii,.,|i ,,f i|„. ,,.,||,„| ,„||,, ,||,,„,;,r

ill tli>. i.>|iiilil.i'ii.!ii , ,,ii~i,ii.i.

'I'll.. MUM,, iii.il,.,.! n,> ..!i,|, I, ,.,,,! »,,!, i],,. ,,,]„.,. i,.,,^, ,,,, .|,|,| „:,i,

''"• V..I1IIII..; rnKill\ i!,. v,:hi.. ,,r |\, , |.:,|. S| u,i- ,.,il,.|||,ii,.,| |-|.
, I,

r\|".nill,.|||.

A ul.iii,-.. Ill T.iM.. \\\lll. .!i,,u. III,,. |!„. |.,.,|i,ir,. i,,, ,,|- |.:,,,,,,.

'_'"" ' :ii-'- -^in-ti..,i. Ti,,. .,,. .,1.-1 ,i..v:. -.,,,1 .. 11, ti„. ,..,-. ,,r ii„. i,„ii..„,

l'..r will..], ti,,. ihir.l |.
.«..,. .,r p,,. . ,,i,,. ,1, iii,.|i -,..111-. if :iin:!iiii- „

inlii' lii-li. Till- I- ,11 |i,i,. „,||| ll,, ..|,-,.n,,||,,,, ,|,.|,i,, 1,1 ,i|,,.„,.|||^.

' N.is, 4. :., ;,ii.) 6 ..r Tal.l. x.wiii. .v., 1 is Sl:,i|.l,,rd.
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THH RATH OF TH1-: KHACTIOX HKTWKKX ARSK-
NIOIS ACID AND loDIXICIN ACID SOl.l'TK )N ;

THH rati; oi' THI-; ri;\i:rsh rhac-
Tl(»\-. AND THE I-:orilJB-

RIIM HHTniCI^N TIII•:^[

(SI'.COMi r.MI-.K)

n\ |. H. KOI.IUCK

III a foriuiT i)a|)<.r. tlii- rati- c)f the rcL-Ctioii hetwecii arst--

iiioiis acid and indiiR' in a xilntinn containin^^ potassinm iodidi'

and >tili)hnric acid \\a> fmind *> he in close- aj^Tccnicnt with the

forum hi

(Iodine) ( .\rsenion> acid)
i/i Jn (1)

(Siiljiluiric acidi (I'ot. iodide)'

and the assnni]>tion of an liypothetical intermediate product

(HI(») in the reaction, ser\ed to connect thi> e\])ressiou witli

the e(|uation for tlie (.-lieniieal reaction. Ivxcept in a >iu<,de e.\-

lieriuient (Table \ [, l)a;;e ^71)1 all of thi- >ul>star.ces l)elia\ed

noruialh ; /. 1 .. ohexed the Mass Law without inodifyinj^ asstini])-

tions.

In the reverse reaction, /. (., the reduction of arsenic acid

li\ ])otassinni i.- lide in the jireserce of suqihuric acid, the rate

was found to he ex]iressed 1)\ the forniul.i

ch (/H K ( ArsL-iiic ai id ' (I'ot. iodulel'' (Siillihuric acid)' (.')

where, in the solutions use<l, the uund)ers ii and A were j^reater

than unitv hut as far ,is could he inferred ap])roachins.; uuit\ for

dilute solutions. I'lifortunateh this reaction dots not take place

in stronj^h diluted solutions,' the ei|uililiriuni mi ^uch solutions

Kiu); i)racticall\ to the rit;lu in the e(|uatiou

H,.\sO, IIH) II,A-(). . II I. (A)

' |i)\ir. l'li> s. Clii'iii . 6, 'ifis ( loi'J)

/fit, ]ili\s. Clu-in
. 47, I -M ' ii*op. The it-v icwt-r ^\!^i;fsl'> usin^ 4>nly

'lilute solutions.
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The iiK-a>ir<.iiu-iU> >li()\\ llial tlic r.iti- to tlii- rii^lit is al)i)nt

i(ii),<)(ic) times that to thi li-ft.

Tin. i.(|nilihriiiiii cdiulitiuii was foii'id ti In- laiiK well ix-

pressi-d hy the I'oniiula

U'l't. ii)(liik-) (Siil]>linrie .leiil)- ( Arseiiie .'uidi

(Iodine) ( Arseiiiciii^ m-\^V\
(.0

and eaeli i-diistituelit, ill iiiiMlerateK' dlllitt MiliMinii, wa-- |irn\\d

ti> lia\e indices elcwi- t<i these. in liKirt- eniu < ntiated si iluliuii

till- ^auie aliiioiiiial aelioii nf the aei<l was <kiiii>ii>trate(l.

Coiisidetilii; llu iiii])iprtaiit heariiij.; ul' the liata ii]ioii the

Tl'eorvdt" Kiiletie lvi|nilil)rilllll, better aj^'ieeiiieilt between the cal-

culated and iil)ser\ed Ivjiiililn iuiii Cdiistants waviimch ti> l>e dt-

siied ; and it was hoped that lurtlKi" ex])eriinents woiiid show the

cause o|' the <ii->crei)anc\ . 'I'he aliiioniial .iction ot the ])ota»iniii

iodide and siil|ihnric acid n.i|uiied I'nilher stn<l\ . Snl)>titiitioii

of liydriodic acid for llie ^nlpliiiric acid in hoth rate^ siniplities

the coiisid(.rations. With thes'- olijict^ in view -.cNeral si-ries of

i.\]>eriinents weri' carried oiit.

The method^ are. in 'Mineral, identical with thost,' iiii-

ploM-d in the |)re\ion> work. The rnit> and SvinlioK are also

the sanu- ; iianieh, A I tii-io.iicm io<liiu di-^ol\ed in a

solution of pota--simn iodi<k- nf which l.itlei an e\i-e--> was

alwa\^ ]>re-ent and w.i^ allowed for in t-.iliul.itiiiL; C in tlu- re-

acting; mi\tiire-~; li ar^eiiions aiiii whitt o\iik- ofarMiiic

dissolved in sodiuin carhoiiati- sohition, whiih w.i> nude .icid 1)\

till- snl]ihnric or the ludnoilii' .u'id in the reacting; mixtnre ;

L" I iodide ion. a->nniin^ coiiiiilde disMn-i.itJmi of hoth

|>ota>sinni iodide .md Indriodic acid hnl thi' iodiik- ions neci--

>.n\ to form tri-iodioii with the frit- iodinr .\\y not included in

C; !• 11 the ai-id iludrot^eni ion .ind in tin experiment^

the .niionnt necc-sarx to neiitrali/e the cnhoiiate ,ind the ar^c-

nite ill I! i^alwav-- ik-dnctid ;

!'. ai>eiii(.' aciil. The units of

m.isv ari' i ii") ol tht ipiaiititiis, in ;;iams, in tlu icjii.itioii

ll,A>ii_ I 11(1 II \.(i, (;,|) (..Hi Ui)



Riiu/iiiii //('/ri' ,
// hii/ and /cdiiK r2<j

TIr- unit lit tiiiR- i> oiif iniimti.- and tlic unit of xuhinu- is (inc

liter. Kxccpt when >itlur\visf stated, the expennient.-. were all

carried ont at n C. l-'nr einueiiience of reference tlie rate to the

rii;ht in al)"\e e(ination li!) i> spoken of a> the "Direct Rate"

and the rate to the kit a> the "Reverse Rate."

PART I. EXPERIMENTS USING SULPHURIC ACID

''eries A. Extended reverse rate measurements

In the re(hiction of .arsenic acid t)y ])otas.sinni iodide and

snlphnric aci<l, it \\as oliser\cd in the former \k\\k-x that the

latter constitneiits st-tnied to not obex the mass law and to re-

(|nire variable \ahR-s for a .up! /' in l-^(|nation 2 above. To fnid

the cMtiiit of this abnormal action, ad\ant.i;..;e was taken ol tlu-

fact th.it increase of either of these constit\Riits accelerates the

rate. Conse(|nentl\ b\ alternatth donblini,' the oiR- and hah in;.,;

the other, the •xiierinniUs were made to cover practically tlR'

whole ]M)ssible coiR-entration "i the two constituents, still keep_

iny the velocitv of the rate within limits allowing of easv meas.

inenR-nt. .\t the s.nnc tinR- thi' concentration of the arsenic acid

was alwavs nnR'li less than the smaller of the other two con-

centrations, so that in ,i first a])]iro\imation the velocitv of the

rate was affected mdv bv changes in the concentration of the

aisenii- acid. That is, in the -general fi.rnmla

,h (ill K (C t I I |) - 1,1 (1-- - 1 i\' ' 4 '

C an<l I> are alvv.ivs lar.Lje comi>.ne(l with I'', an herefore always

still lar',;er com]>are<i with 1. Thus the expri ion
( 4 I beconns

jn.Ktii'allv

,/t Ml K Cn\" 1
1". I) (,s1

of vvliich the inte;.;r,ite(l form is

K," I.o>;,„(I-- >
' t*^"'

w here

K, K,CIi\' o4;j, (7)

The le.R'lions wele c.nried (pUt in snit.d)le sized llasks kejU

.It i> C bv innncrsion in ,1 will stirred b.ith of snow and water.

The solntion for the reaaion w.is prejiared in two parts which
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win- a>okd too C hifon.- mixing. In iiir' tla>k tin.- |iota»iuiii

iodidi' was ini\i(l with part of tin- >iil|vliuiic acid and ]ian of tlic

\vati.r; in tin. otliii tla^k tlii' aiM-tiic arid \\a> niixid witli tin-

rcniainini^ snl]>linm- at-id and watir. I'.\ tliu-- d >idin<' tin.- >n!-

|)linrir acid to ahont tin- ^anu conicntration in laidi llask, no

ri-.i in ti-ni]iiratnri- took idaoi- \\lun tin i-ontint^ nf tlic llask>

wi-rc mixed and llic tcaction conitm iKi-d. 'I'o al'. , for iodine

set free dnrinv; eoolins; h\ owj^en (lis>;il\t(l in the aeid ]iotas-

sinni iodide sohition, propoitional part- of eaeh cook-d niixt. ri-

were nieasnred ont liefon starting; the nat'tion, ad(kd one aftir

the otller to several tinK- their vdhmu of eold di-tilkil water,

and till' fret- io<lini- dett. rniined. 'Phi- readinv^, whieh wa-
al\\a\s jiroportionaily \er\ sniaJi i a\ era,L;inL; ahont hah' a enliie

eentinieteri, was -nlitraeted tiiroU'^hont from thi total reading

ami till diffirenei reconled in tlu Talpk-.

The progress of the ria'tion w.i- cji'tirmint d at interx.ds 1)\

nieasnrini; out iisnalK in ee of tile leaetin;^ mixture witli a cold

]ii]iette into a ecild l)iaker, dilntiiii^ with iee-watei to -\^^y \\\t,- re-

aetioii ami reduce the conceiitiation of ihc acid, ami tlu ii i|Uhkl\

titraliiii; with sodium thio-nlphalc -olution. ( iii account of

the oxidation of the sodium lliio-.iilpliate li\ tlu ai-euic acid,

;;,ire w,!- t.lkell lle\er to ,idd llloir ill, ill .1 -li^llt i xce-- of tlu-

fovuiei duriii',; titr.itioii. inc.i-i the uaction li.id ]iroteided to

,in\ extent or wa- .1 \ci\ -low one, it w,i- found uccr—.irv to add

with the told diluiiu;.; u,itir, -odium thio-ulpli.iti- -olutiou in

i|naiitit\ ,dmo-i -iiffuieiil to deci loii/i \\\k p,i!t of the mixture

t.ikcu lor utKition, .lud lini-hiiii,; tlu addition oi -odium thi( nl-

jiluite -olntiou - .|uickl\ ,i- po--iMe. If tin- piecautuni w,i-

lU-^Iectid, the te.U'tion .if the Oilect K.lle, .uielei.iled li\ the dl.

lutiou, would iutroduct ,1 -iiiou- trior 'uto the rc.idiii',^.

At the he,id o| v,uli t,dih i- '.^ixtu tlu iuiti,d i|ii,iutil ie- of

1 ,k1i of the re.u'tiiiL; -uli-t,iiicc- ,iiid tlu \ oluiiu in litei - of the

mixture. Trikr "Kcidin^" i- -i\tu tlu -odium thio-ulphati

titration oht, lined ,1- de-crilivcl .dioM. ludei i- ;^iM n tlu in^

tel\,d iu lii;nute- itoiii the time of niiMiii.; the two jiart- to -t.iit

tlu re.utiou, to tlu tunc of diluliuu; lai ji.irt l.iktu for titr.itiou,

.\t tlu to(.t of tlu ',diU i- L;i\eu t he I. ,iiliu- eoi ii-pondiu" to
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till' total ](i)>Ml)k- aiiiouiit ul iddiiu- set frii- 1)\ tin- ar>iiiic acid

ill tin- ]iart takiii for titration. 'I'lu- xaliit-^ of 1 an- calculated

li\ llu- |iro|K)rtioiia!it\ l>it\\ini tlii^ liiial rcadiiij, iwiicrc V. \ )

and tlic nailing; at the time in iiuc>tion. I'ndcr Kl; is ^ri\cn the

value calcnlattd 1)\ Ivpiatior oi; tlirouj^liout the tin-e of tl'.e

first iea<liii!.4 -I'kI ""' I'le tiiiu f mixing i-< used as zero time in

tile calculation, thus axuidin;^ tin. irnmilar reaction ilnriny; the

time of iiiiviiii;. This choice of zero time re(|iiired the use of

I
!•; — I) from line one a- the initial I-'. : C and I) were iisiialK

>o .av;^i- that the dilTermce was iiej;Ii,!.;ii)le. Ill Taliks i, .), (j,

ami In, K is calculated from the intei^r.d of lv|natiou 1 ( lassumiiij^

oiiK I ) [or C ) idiist.mt.

Tables i-id wire e.irried out .iccordin;,; to the jdaii out-

lined al)o\e il)ai..;c JJi^i. TlU' risults of these and other e\])eri-

niints .ire snmm.iri/ed in 'i'.dili- j. . The factor li\ which K, in

creases for multijih iiiu; I) !i\ .; at the conceiitr.-itions in (jiiestion

is i;i\en under "1
) factor." and thi- similar niimher for C under "C

f.utor." ruder "I 'index" aiuT'C indix" isoi^ ^n tin- \alue re(|uired

for /i .md for ,/ in h'.iiu.itiou z in order to .i;i\e the corr(.'s])ondin,u;

factor. .\s will Ik- st,,n, the nuiuljcrs increase \er\ ra])idl\ in

hoth casi , witli increase in co;ir. ntratioii. In else of the siil-

]ilinric .uid (I)|. where the limits of couceiitratioii are wider,

the index -ot'^ from i to,;.;. In T.ililes 11 and 12 the index

li.is fallen to 1 and fn.ni the wa\ in which it f.ills off this would

a]i]ie,ir to lie the l.iwer limit and to h.ild for solutions while
none of the le.ictinL; suli-t^uiees are |Meseiit in i^reater concentra-

tion th.iii :; I'nits per 1 Ji > cc. In the else of the i<pdide iCi the

iiiiK'X is a]iiiro.icliinL; 1 in T.iMes 1 .md 2. and ]iioli.il)l\ is 1 in

r.ihU-s II and iz where, therefore, the L;eneral formul.M Ivjua-

tion |i with all indices unit\ holds. CoUseijUeiitK K },.<)

lo " c.ilcnlated from these t.ihles ii'.cre.ises in each of the ]ire-

cedin- tallies with the increase in C ,iiid I » Init jiarallel also

w itli the incieasi- in ./i ii(l.

hividiii^ the const. lilt i.J \" of T.iiile 2 li\ the siicces.sive

iM.ictois ^. |, ;. ;, _M), _>.ii, ,111(1 calcnlatin;^ the \alue of K, as-

suming this the \alue of K where I) !.JI .lud C i.,V'

i;i\es j.io III T.ikiiii^ the const. lilt .;() i,. of Table 9 and
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tnatiuii it >iiiiilarl\ :^i\cs K. i.i}, i" '. 'I'liis \aliK- i> only

alxmt Iiall that in TaliU^ i i and 12. .\l-<> tin- I) fai-t">i> in tin-

]iaii- .if i\ii<.iinn.nt> \\-\z anil ii-m arv >|uitf ditTirtnt. It will

aii]irar later that K, i> prolialih a t'nncliun of </i V^ to which

tluM picnliar iv>nlt- ina\ hi- ihii-. I'ailin.i; ^nl.•ll an i\]ilanation,

il uonlil appiar that ihi- (.-on^titucnt^ art- not indi pendent in

their action on the rate l>ut are inthieneed 1>\ the jiresence of

otlur i'on>lilnent^.

In in\ fornur ]ia]>ei it wa^ a^>unud that unikr the eondi-

lion^ of niia^nrenuiit tlu elTeel of the reaction ii|>iio>ite to the

one lM.in^ inea^ured, conld he >afel\ neL;lecteil. 'rhi> a>>nnii>-

tion wa> conipleteh .in>titied in the nieasnriinents of tlie Direct

Rate a> al>o in the ;4realer juirl of the Re\er>e Kate nieasnre-

nieiits. In a few eNperinient> (for e\anii>le, 'I'alilo Z}, and l\ii

of the former paperi the ion>tant >how^ a falling- olT at the last

leadin- where the rate i^carried to almost ciMnjilete disappearance

of arsenic acid. This nia\ ajs.. he olisiiMil in snine of the

tahUs of the Jireseut JMper, hut where this enor extended Mir-

tliel ih.iu the iiid nKasurenuiits, a I'orrection lias heell made. In

takin'^ a\era!.;cs where the last \ allies show a decrease thev are

omitted.

In Tallies j,s and Ji) of vw former jiaper, the re\er>e rate

measured was mja slow, the direct rate constant is atxiul m
-re.iter, and couseiiueilth this error is here not nei^li^ihle. I''or

ill, purjiosi of correction. Talucs J.^ and -'ij of the former jiajier

.lie produced here a- Tables 1 1 and \Z. The su-^estion as well

,is the method of correction I owe to Ml. W. C. i'.rav.' In Tahles

II ,iiid I -', K,' i- calculated li\ Iviu.iliou lOi hut nsini.; ]iairs of

coiisecutixe \alius (jf \\'\ — \\ and the diff^reiici hetwccli the

,-oriespon<lill- v.dues of ^). This method m.i.niiifies the experi-

nient.il urors hut is to he I'lcferred .is emphasi/iii|.; also .in\

re-ular \ari.ition in the constant. The .ictu.illv measured rate

k is c.ilcnl.Ued li\ suppKini; the \alues in

K ,/i .ic -',,;o k; (!: 0. (8;

Tin direct r.lte is calcnl.ited li\ lUe ei|liatioll

K, o j.H X
\' C a rM) t 1, («>)

e;^. in.. 9, -7:



h'lili/h'll fiitUii II . ll u llliill^ ^ l(i</ illlil loiiilli 7,V^

anil till- i<>ructi<l \.ihu- nt' K ' i> ;,'i\i.ti 1>y

(lo)

It will 1» 'Iistrwd that tliv fdinoiiil ci>ii>taiU K," sIidw^ a rc^;

lar and iirDiKiuiKcil imriaM-.

'I'lii> iiURa>-i- (if tlu' ciiii^taiit inii^lit he (ha to catalysis hy

a ])r("liut of ttu- riat'tiuii. To li-^l this ihi- i-x])criiiifiits of

TahU-. f ^, 1 |, ami 15 \m ri. catrii-d nut. Tahlc 13 sir\rs fur

oiiiiiiarisoii with 1 ( and 15. 'I'lu- ixiK-riiiRiU of Tahk- 14 was

niai'.i with an initial cliaru;i. of tri-iodioii and of Talilc 15 ^vith

ont.- of arsi'nious acid. Tlu' xahu <' '<, a' 1 llu- course of the

reaction in all thne laldo are identu 'ro\in_i.; conclusi\ely

tlu- aloenei- of a \ ca'.ah ^is li\ the^e. the only known ]irodncts

of the reaction. Similar r\iRrinienl~ at ;..;realer eoncenlratiou

of liotli i>ota.>sium iodidi au<i ^\il]ihi:*^ic acid ;^M\f the same

result.

'I'his increase of the n \ i.r--e i.ite constant a^ the reaction

neaied < (|nililiriuni ;.',a\t' a\ariatioi. of tlie kind re(|nired for

hitter .i'_;re<.nient lietweiu the calculated and oh^erxed \alues of

K,. 'I'll list till i|U.intitat:\e ^nl1icii'lic\ . it wa^ iiece--sar\ to fol-

low a rail' rii;lil u]i to equilil riuiii. 'I'o sim]ilif\ the coiisidera-

tioiiN C a. id I> ~.l)ould he iinieli j^nater than A, I!, and V., .it an\

time durini; the u.ictiou. The direct rate shoni.'. lie Irealid

-iinilarK and to tliisend tin- i(|nilitiriniii -lioiild In- reached with

alioiil half the ]ioN-.ilili , 1 mount of tri-iodion. 1 leiici the e(|uiliti-

rium formula

,C - .r',1) - irJ. -- .

,,,^
(A - ! ) a* - n \-'

waN--ol\ed for .\ u^iui; K, 1.5 in and iii.\ lol! C I>

I-'. .iiM and \' (1.^1. To ohtaiii iiieiitical condilion> in the

reacting; mixtures it was iieci--sar\ lo make lioth direct and re-

\erse rate mixtures from the same rea;.;eiils, which was accoMi-

|ilislieil as follows. The react iii;4 mixtures of 'I'ahles iii and 21

\\ere in.ide uji fioin idiiitii.il (|u.mliliis oi the solutions ot tri-

iodion ( .\ ), arseiiioiis acid il!i, jiotassium iodide (Cl, and snl-

,/huric acid ilh. In Talil.- 21. .\ with a little water was cooled
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ill Mill- tl,i-k anil llii- rriiiaiiiiiij; ^.(Hl^tiUu•llt>^aIl(l walt-r in a si-coiid

lla^k. Tlir two i>art-> wiTi- uiixid In >tart tin.- reaction wliirli

(.iin^t(|U<.ntly took ]ilaci- with (Ii>ai>]>iaranti.' of tri-i(Hlioii mil

>4a\i.- a MRa.-nrinit.iit of the- ilirici rate. In 'I'aliK- id, the two

part- win- niadi' up tlilTcnntK : C and I) wiri- niiM-d with half

the water ill one l1a>k and A and 11 with the reiiiainiii>; water in

the other. Coii-e(|neiill\ ill the i.itter tla.-k the reaetion hitueeii

.\ and H took jilaei- (|iiiekl\ ami Ii\ tin- lime .d! wen ,it i> C,

the -olntion wa- onU sli^luK colored, alnio-t all A and ii

ha\ill;4 di-a]>]>eared. < >ll niixilli; ihe-e luo part- the re.ietion

took place with the -e]i.iratioii of tri-iodion .nid ;4a\e a lue.iMire-

nieiit of the rever-i- rate.

The re.ictiii;..; ini\tnre> of 'I'alile- 17 and 2.1, wiTi- 111. ide \\y

from identical iiuaiititie- of the Nohition- of pot.is-iuin iodide

iC . >nlplmrii- acid (I)i, and ar-i'iiic .iciii 1 I'.i, all htiii;..; >o i Iiom n

.1-. to oi\e the same eiinilihriiim mi\tnre .i> in T.iiili-- id and _'i.

In T.ihle 17 the pota->iiini io.liile, h.df the sulphuric .icid, and

half the w.itir wiTc cookd in one iLi-k, while the arsenic acid

with the reiiiaiuiu;..; sulphurii- acid and, water were cooled in the

other. The two parts were mixed t.. >t.irt the reaction which,

thefelori-, took ]ilace with the sip.ir.ition of tri-ioilioii .iiid i.;a\i'

.1 ilieasureinent of the re\t Tsi r,ite. In T.ililc Z2. .ill tliiei- con-

stitueuls were iui\eil with .iul\ surfnient watei to keep .ill in

soluti"n whili. the h.dauci- of tin w.iler was cooled in a si-cond

llask. .\ i|uick le.ictiou imiuidi,ael\ took pl.ici- hetwein the

three coustitmuts, ^,1 th.it !i\ the time ,dl wi-rc at o C, .diiiost

• ill tin arseiiic ,icid h.id 'neii rediuid, to .irseiiious acid. < >u

nii.\in;,^ with tlu rem.: niu^ w,iter, .1 rcai-lio-; took place with tlu'

dis.ippi.ir.incc of tn-i'i.lioii and ^4,1x1 ,1 nie.isuvi uieiit of the dircil

r.ite. So that tlu St- four e\pei imeiits :^,i\e .1 ine.isnreinent of cat-li

r.iii.- with i.uh set o| reaL;ciils ,iud .iKi . ,1 nR,isnrenu.-iit of the

ei|uiiiliriuiu from • u h s;,K- with each s,t of n,i'.;ents. 'I'hc re-

.ictioiis ',',ere \er\ slow, lasting; .diuosi a wci.k. To a\(iid as far

.1^ p.i-siliji- ilii o\idi/iui^ action "\ the aii, the solutions were

kept in ii'.'cc L:l.iss-st,ippert d bottles, , mil _' 5 cc weret.ikiii tor

cai-h tit- ion. Tlu- s.Hliuui thio^uliih.itc solution ch.in,L;ed
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-liiwK ilnriuu tlii> iiUtrwil atul it- «triiit;lli « i- ri-^iil.irlv clRektd

li\ .1 -ticpii^ii Miliitiiiii nf i(KliiK kt.]it .iu.i\ Iruiii >tr<>iiy; lit,'lu.

This cDrrtetiuii dii tin.- la-l !,i\ atn^imtnl to alHUit
\
jKrci-nt

Vhv uadiii;^- ninrikil in llii lal>k> arc cornilnl l'i>r tlii- cliaii;,'*

ill till- tliiii>iil]>liat(.- Mihitii'ii.

TalilcN i*> ^'.ii'l 17 an- tlu- two rtwrM- rati- iiR-a>iiri-ni(.-iU>.

Ill both tlu- coiitsf .)!' ttu- reaction ami tlu- t(|iiilil)riiiiii roadiiiy-

an- jiracticalK iili iitii-al. '1'Ik -olntion- iiM-d tn make uji tin-

rraoliii^ ini\tiiri- o| 'I'alik- 17 iiudKi-tl tlu- formation of coii-

si(kral)k -(Kliiiiii Miljihali.- \\liii.-li. ihi-nfon.', has no a]ipri'cial)li.-

tttVit on the course of the re\crse lale; neither is there a sinal!

(juaiititv of aiu otlur niatirial in diie mixture oiiK . ariectiii<^ the

course of tile reverse rate. 'I'lu colniiiiis headed K,, K '. R, R,.

^. •Iculated as -hiiw u alio\( fruiii h'.i|natioiis ((>i, tS), l()i,

anc' • It will I'c i>I)scr\ed tint K.
' sh..\\ s a more rapiil de.

ri-as ,i|>]>roaeliiii'^ ei juildn iiun tliaii doi s K . K",, tlu eor-

rei u d \alii(.- of K' . shi.w-, a re^'dar inereasi,' as was also tlu case

ill TaliU - 11 and i -'. K'. of Talde i 1, the slouer of t!,< !\\o

latter 'r.diies. has (he '.^lealer tinal \alne and this \aliie 1- sdUK-

wliat less than the iuitia: \alius in Talik's id and 17. It must

iherefore 111 eonelnded that at ei|uililiriiiiii, in dil'.iie solutions at

least. K', -'." I" .

rndei "M" ill 'r dik if> Is :..;i\en tile \aliie of tlu- eoiistanl

calcula'id from

,.'1 -;>' M I{ - I i- K"| M - < » 1.; '

in liiih it is .isnuhu .1 th.it the ais. nic acid acts aecordiu.; to

the s-jcoiid power. 'rile tahiilated \,lines show a iniieh greater

\ariati"ii th.m k". In these e\iieriineiits C and Pare jiracti-

calK iiMU-\,iii,mt .ind it 11111st either he assumed that tlu- .irseilic

ae:d (!-'. — 1 I acts aeeordiii!.; to ,1 frai'tional powir 01 that the

coiist.mt depends on '/\
,/ft.

To make the i-ouslant non-\ari.int

ie>|uires ditTireiit fr.ictioti.il indices for (

I-'. — 1 1 in tlu- dilTereiit

expel iiiK-nts— t'or exaiii])le, the exiieriment of Table Jo 1 pa.u;e

;^>i«if former pa]ier has a in percent variation of K, for.icjn

percent '. .iriatioii ( if I ]-. — 1 > and the index in this case wolikl he

alilio-! nilitv. It seem.-- simi>ler to s,i\ that K is an inverse

fnuetioii of i/i,/f). This is supported bv the fact that the fast
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rato u'^ f K', aliiKot opii>taiit hut wIrii \< ill llll\ sIlKW

an iiKTia^c. It DfTcrs a satisfactorv i-soapi- I'nuii tin- c< inclusion

nuti'd i)u jia^H- 7^2 nf tin- lack of independence nf the c(>n>tilu-

ent>. It >u]iplies a >;(M>d reason lor the small values of K in

Tallies 2-1 _;. The increased \ahu' in TaMe i niav satVK he at-

trihnti'd to till' diwrj^ence ol" the ~nl|ihuric aciil from the sim])le

laws when in concentrated -olution
(
|.S normal). It must also

heohserxed that in the direct rati' nieasunnKUts (TahK- i (, pai;e

y^<.), of former pa]Hri the sid]ihuric acid increa--is its action

faster th.m its conceiitr.ition when _'.<> noimal hnt its action is

still pro])ortional to its concentration wluii ii.i),^ normal.

Such a relation ma\ In t \pl,uni(l tluoreticalK l>\ the as-

siini])tiou of a reaction in two stejis neithei of w liich is iustanta-

mon-.. This pos>ihilit\ has heen discnssid' theoreticallv in -.e\.

I'ral ])apers hut I am not aware of in\ pvactiial ,ip])licatiou. The
ei|nilihriuui of the tii-t -iipi^iMii (piite attained while the re-

acti<in of till- -ei'ond -lep is nniov inj; one or more of the prinlnct^

of the lirsl. or i-on\ev>el\ . In this imm' sunie hints nia\ he oh-

tained as t" tin- prohahle stips, I'irst, no product of the reaction

retards the nwrse r.ite ^n that tin lii-t slip must hi- one of a<l.

ditionor.it K.ist one that dois not prodnii' eitliir of tin- ]Moducts

of the linal naction. Second, the roK, normal .ind .ihiiormal.

of till potassium iodide and the snlplniric acid ,ire \i'i\ similar

so that tlie\ ]irohal)l\ ]ila\ similar p.irts m huth steps: this is con-

lirnied when Indriodic .icid is siili-,tit\Hed fui ]iotassium iodidi

and sidphuiic ,icid. Thiril. arsiuic aiid must inter the first

step. The separation k^\ ,i \ii\ sin.ill ipi.mtitv of a cr\st.illiue

compound during sunn mI the fast u\e;si rate nii-.isnrements. is

in liiK' w ith this h\ pothesis. CoiisiipuntK .i pioh.ihle lirst stip jv

11 li,\sM,

sjilr, i.tl.

11 As( I,! 11 , (.'!

win ll w.ilt i m.i\ lie also sjih; nil, I'ln siiuncl stiji e, luld then he

II \sO,|ll II \.l I III!) (Ill

To sn]ipl\ the desiu d eNpl.lU.ltioii 11 is dills lucessaix ill. it the

11 111. 1. ill I..UI Va\: l hlill 4,

Cluin . 40, I i<(...' . jiiiiiiius /rit y\\\-

<JiMiilil\ tut. siii.il! lur .in lUsis

In 111

,'
: Mm .SI ll /. 11 ],ln-

49. i''*i I'f'l
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uaiticiti ot i.i|iuiliiiii(C) 111- I'f a imastiralik- vtlocitv wluii llii.-

vilucity ol' till' Mioiul >tii> will hi- Kssiiud l>\ llic ik-cuast.' in

till' anioiiiil of thf lirst slip prcKliut ami tlii- mioiuI rate cuiistaiit

a]>i)<.'ar t<> dipciul mi ih ifO-

Matluiiiatiial tmitiiuiil nf tliu li-nu> mi lhi> a-Miniptioii i>

iii\iil\iil and (loo not Mini to olTii riMilt- worth priiitiiii;. It

wonlil ii<iniiv till- .litirniinatioii hy al-^ilnaii- nuans of at k'a>t

twip iiukinndint ion>tam-, tin- rait- iniistant> of tlif two steps,

and loiild liardlv fail to tiiaki- a i-ornclioii satisfai'torv iiioiii;]! to

i-onii- within tin- lar;,;i' ixinriniintal irror of sui-h work. In i-asu

till- anioiint of tin- inti inu'liatt iinxlnit is small i-oiiiparcd with

1, till- i-(|uililMiniii fuiulioii diri\i-d fn-ni this tlii(ir\ n-dncis to

till- form (r(|iiation ^i i-miilo\i-<i in tin- lak-nlatioiis. Also Inini

till- i)i-iiiliar form of tin- lir^t sti-p, it is ai.paiiiitK without a

]Hiim for cNinriinintal attai-k. Tin- ti-niiH-ratiiri- i-oi-llicifiits an-

tliroiii^honl in i-\i-ilkiit a-iiiiiiiiU a- would In- pndii'ti-d fiom

this hv])olhisis. in fai't it offers an i-\ri-lk-nt (|nalitativi- land

piohaMv (|naiitilati\i-ii-\iiLiiiatioii of all tin- irri-i;iilaritii-s i-\ivpt

till- iiu-uase of k in Tahk- I which is \t-rv wi-11 ai-o>iiiiti-d for

l.\ othi-r nuaiis. 1 liavi not hi-iii al)li- to form an\ i-\i)laiiatioii

hasi-d on I kitrolvtu- dissociation whieli olTiis at all a satisfai-tor\

forrilation of tlii-st- jHi-nliaritii s.

/; iiif>, f (Uiiii I ,>i null III.— 'rill i-\pi-rinK-iilsof 'rahk's is and

1.) will- i-avriiil out at im C. and tlu rhan;^f ol K, .L;i\is l.y, as

eorlVu-ii-nl for this tiiiiiK ratntf intiival.

Series B. Direct rate near equilibrium

in till hist papii the a-reeiin 'il hetVM-eii llu matheinatieal

eNliression for the diieel rati Mv the esperinielltal data left

nothilli; lo Ik- desired. The eSlierilllellls, howevel. liid not eoM-r

llle rate Ileal ei|nilitM nun, whiell lieeanie ad\isalik- iii\iewot

lhep<enliai form of the leveisi- lale ,ilid ol the l.iek of .i;.;rei-

iiieiit with the e(|iiilihnnin fotmnla. 'I'he i \periiiients of 'l\ilik-s

.•I and .:_' uete e.itried out to test tlu e.>iist.iiu-\ of K near

eniiililitinm. • hi p.i.L;i 7,v> is i;i\eii in detail the nu-tliod ot

linking the naetiii- iniMmes and of tollowin.u the eoiiise of the

re.ietioti. In the 'I'ahks K, is e.ileiilated from the intes^r.iteil

form of
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k .A ./" K, lA (1,0

.lliii k,' Ituiii Uli.s al>u, hm iiiu; ii.iii> 111 i-uiiMiiitiM- iiK'.isiiu-

iiu'iits. K is lalciilatol li\ sii|)|,lviiij^' tin- valiiis in Iviiial

(1 ;i. K ili'ulaU'il fv

liiatiiiii

K

<.iii]>l(>\iiii; till' r(niili')iitiiii valm- of K,' iiaiiK

Tahli- Ui for T.

22. And K " is

Is, I..)') i<

( 14)

' ..f

hir -M, ami 1.^;, u «1 'I'al.k- 1- In, Tahli

K" K,
K.)

K

Tlu- t'Kiistam K, " sli,,ws IK, ii-oiii,,, van, itiiiii liylil \\y to i(niilil)-

liiim. Tlif ai-tidii of tlir ail is shdwii in tin last tun iiu-asiiiv-

iiuiits siiui' oiil\ mar i(i\iililiriuin is it .iiipiii-i.iliK-. That tlio

iiicivasi- of k in 'j'ahlfs to and 17 is not dm- 1,, diis .u-tion of

till' ail, is satisf.u'toiih shown l,s thv ronstaiu-x of K,"\\liii-h,

wru- tlu othii thi- rasf, would drru.isr. Tin- ,i\iiam- \.dnis of

K in thi- two iA]Hiinunts m^- pi.unii'.dh idi-ntii-ai, n,unid\,
o.2(i<> and .>.^i..>, .md tins, fall wuhin the \.duis found in tlu-

first iiajKr wlu'ir thi a\n,.L:r w .is , ..js. 'I'lu' a-uiiniiit of tlu-

two r\]ifnnunls sh,,ws ,i„ 1]^,, j,, the I'.isi.- of tin- ii-\irsf r.iti.-,

l'''.Ui' r,v>- ''•" '•'<• -'>dinin snliilim has no tlYirt on this nitt- and
that thru- is no otlua sn1ist,iiu-c imsmt in small i|n,intil\ in oni'

ol till nii\tiiris .,id\ .md .ilTiitin- llu .liuL-t i.iti'. Tlu- ron.
st.nu'N i>l k," is .lis,, a Mrs s,iiist',utor\ pioof of tin .u-c-ni,u-\ t,f

till' inctlio<l of i-,,rrvrtion sim-c hrn- tlu' ini..is\in.iniiits -o rii^hl

to i<|nilil)riniii.

/ ii/h, i,,/,ii
, (\.,m,,,ii/. — \ ii.ur of i,,n-scarnrd out ,\t k,

C -,i\.' .i.M, lor k .It this trniii.r.ilnrc wliirli .ii;ui-s s.nisf.K.--

toriU with tlu- \.ilnr of ,,.,,:> of tlir lorinrr iMpir.

Series C. Equilibrium experiments

hi tlu fornu 1 diti rinin.ilu,ns of l'.i|uililii i.i, tlu- tiild covind
w.is sHi.dl ,ind tlu rr w.is ,1 possihiljtv that llu nnndu r f(,nnd tlu 11

lot k w.is .in .uruU nt.il \,ihu, 1 'nloi mn.iti 1\ tlu- Tu-M o\ti

whu-li -..inililjiiiMn ditmninations c ,111 h, siuvt-ssfnlK in.idr is

not l.iv:^,. ,\isiiiions.ui(U'.in iu-\<.i l,i pust-nt in l.ir.m- (|ii.iiuit\
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on acconnt of it> -lii^lit Mihihilitv umkr tlu-^i- coiidilioiis. If ar-

-tiiic .uiil i> iucriaMMi in tlu- prtsi-iut.- of iiukIi Mil]!liiiric- acid

and iMita»inni iiKlidc, hcantifnl ^]';in<4k--like crystal-. M-jtaratc.

If ])('ta>»iinn indidc and •nI]ilinrio acid an- increased luanx j^rial

extent, tliv eiini'.ihrinni i^ reaclud with ]iracticai i!is;i])]H;aranci-

of arsenic acid, which then Ii.i^ to he detennine<i a^ the ^nialt

ditTcri'nce hitwein the t"tal ]io~-il)ie aii<l the ohservid i|uantit\'

of tri-i'Hiion. Here al^^ the nxiiii/in;..: .action of tin .air intro-

dnce~ .1 ri.l.iti\el\ ].\x-^v err^r, ~" th.it ~iii;hti\ more tri-iodion

w.is occ.i-iiin.iIl\ fiii'.nd than i-"ii!d '>e aectuUed inr \i\ the arM-

ine ,icid miti.illx jinsent. It i- a'iinM-,t nnji'i-^^iMe to e\clv.<U' all

the .icti"!! i.f tlu .lit "i; h\iin'«!ie acid -.i.lntiou- whiih niu^t

~tanii for d.i\». .i- in thi-. ca-e t" al]"\\ the inixturi t" eonu to

eij'.'.ilil'rintn.

The liri.\;"i> \\"lk ;i-i\;f.L: -'ifln. ;eiit!\ uen:"n-trateii that

iNtnre- urnu njiiinliriinn :ri'in i>otii -ide- \\a- he

i;;\\n i'.]'. The inixtv.Ti. - ui.,i nia-le nj. !i\ uu.i-nnn- '.nt the

u.itiT. Tla. mixture* uvn kei't n; tnll. \\t I'-^t'ij'ju-Ti. d hottle*

»;.ind::ii; \:\ t!;t. tr.ern:' -t.it :;''. m'.''^mi;j iTftii ]>:.-' 'xjieneiui

anipU t;::u !i.iii!>ei!i .lil'-weii I"r thtin t" (.onK t" •-r'.iiihroMr,.

\nai\ -i - wi rt nuide ix.icth a* 'k-^cr:lnd !"• *]'•« riM-fse tali.-'-

1: ji.ii.;i 7 ^
'

T" te^t wluthet 1'.,% -et-'ind.i". :i:iet'."n- weti ii-^tiirin':;.' '.lit

e.|ni id'r;i:;n. "-tMr-tl nnxtine* wen .di^'We'; t' ^t.itid for tiirt-t

\\et.k- .it '•ni tt. ni;it T.itiirt , ati'l aftet ('lunn;: '. eijuilihriuni

.ij^.i::; .^t .-e-n. .< mtn 'h^lit v.icre.t-rt )!! tile tri-i'xli. •; w .i~ o!,-

^ervt-i.this . luld ea«i:\ In. .iccnnted I'.ir !i\ xi'lat!":; 'a the

.III

\ n;:in'«et mj i \;K.--inie!it« wert (..ttled 'I'.it, n-^mu eareinllN

'hilled vilnti"!!' C'K'led .me, ii.indied under eariuMi di'i.xidt M'

that lilt .icti'n 'it tlu .or wa- reduced to a nnniinnm Tin ".

-•.-.'t* welt j'ractivalh idt iitieai v ;t!i t!i"v \\h<-r. -u' li pre( antion-

wc^t nei;'ecteii

\ l.^r^i. tmiii'it ' '1 • \|H Tnneiit- wci ni.idi mi tlii !iei
'

V heT', the', wert pT;irrica''iit. aii'i .! t\]iica- •et ;- ;;:\i-!; \v. 'I ahu
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2_v l^d is calcuhui'd h\ lM|iiatii)ii lii| and iji un casi' did its

value risi- to 2.0 ic. Tlu' tnio \ahk- pmhahlv lies i)ct\v(.-<.ii i.o

and 1.5 Id . It is (jniti- ]iriil)ahlt.- that tlii' variations in the \ahu'

of K„ an- diK- to the i.xiK.Tiinental ditTu-nltx under which tlie

deterniinatious are carrie<l out. The value of K„ is nhtaiued as

the priHhiet of twelve e\|ieriiuental iuiud)er-., ei;^lit of which are

determined hv the value of the tri-iodion found hv titration.

This latter uiav he seriouslv altered hv the action of the air. In

concentrated solution of sid])huric acid, however, the value of

K„ will decrease ou account of the iucrea-.e in K., and decrease

in K,.

The v.due of the i|uotieut K, K ,, usiui; tile t(|uilil)riuni

v.due cif K, in Tahlo l<> and 17, is i.^ to vvhile the value of

K, from these e\]ieliuieut> is l.( lo; better a<.;reeiueut cotdd

oulv he .1 coiucideiui-. The disaj^reement in the foriuei ]ia])er

is to Ik- attributed to tlii' small value of K when ih </() is tar;;!.-,

Ti )>ip, I i}liti I L\h Jiiiit III.—The iNiieriuKuts 10 .uiii 11 of

Table 2,^ vv<.re c.uriid out at in C and .iiive, bv coiu])ari^oii

with the other half of the >.uiie Mii\tuu- kipt at n C, a coelli-

eiellt for thi^ lenilnratiUe uiterv.il -A \.\\. Tin- coifl'icieut cal-

culated from the rale cotllk'iiius i-. i.^,^, and from the 2"

C coelVicietU of the lir-.t ]ia|ier i-. i.^j. .Si 1 that tluse an- in e\-

eelknt a>;reemelU.

PART 2. EXPERIMENTS USING HYDRIODIC ACID

To com]ilete till- stiidv of the reaction, it was uiciss.irv to

carrv (>m uiea--uremeuts, usiu;,^ hydriodic acid iu-~le.id of suliihuric.

.\ciov(liu;.;lv , a scilution i>f livdrimlic ,icid, aiiout <. niols. Ill ])er

litre, was m.ide b\ tin- action of imliui' on red i)ho'.])horus in the

presenci- ol water. The resultin;^ sulution of ihe acid vv.i-- jMui-

ticd bv several distillation-- in aeuir<.iit nf livdroyiu j^as. In

c.dculatiu C an<l I) the livdriudii- acid vva> Irt.iti-d as com]iletei\

dis-.iici,ited.

hanplov ill;; tin- other solutions used iu the piivious work,

three dilfereut series of e.xperiuieuts were carritil out ; .Series II

ou till' oxidation of .irseiiious acid bv ioiline in the |)reseuce of

liotassiuui iodide and hvdriodic ai'id ; Seiies I-', on the reduction

.
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iif arsiiiic ;u'i<l ti\ Imlriodic acid M)hitii)ii> ; ami Strits I*, a set

of iMinilihritiiii (ktcniiiiiatiuiis.

Series D -Direct rate in the presence of hydriodic acid

111 luakiiii^ u|) llu- riaotiiis; iiiixlnrcs and in carrN iiij; uiil

tlic ratts tilt.- >ainc iiKtlind-. wcrt.- iinploxid as an- dcscrilM.(l in

till.' fciniKr ])aiKf wIrti.- snI])liMrii- aeid was iiii]>li)yfd. Tlif

iiRtlind u'^iil for (ktfniiiiiiii;^ tin- i-lTect ul' alti-rin^ t-acli constitn-

iiit MparatvU in tin- i>r(.s(.iRt.- <<i "HR- wry small cunstitiiint, was

a^aiii iiiiploMd. 'I'Ir- lornnila Iniind tn hold in the cast- of snl-

]ilniric acid wa- a^ain fm'.nd true, /. < ,,

,. lA - <)(li II \'
, ,

</i ,/« K,
, ,,

(161

and wlur. I'.. C, and D arc lar^c cotii]iarcd with A ; tri-iodion )

this hccoiiics

,M ,/f< K ,,, k, ' -,u A — I 1 :;>

Thri 'iiuhout A itri-ioili.Mi I was tin constituent ]irc-ciu in small

iliiantitx. The iutc-iatcd form wlurc onh I » is assumed con-

stant is also usi.<l anil

K, K \ li. (IS I

In TaMc Jl the coustaiicx of K is sufticieiit evidence that

the first ]«>\vcr oi \ is rc(|uircd in the formula and the same nia\

he observed in each of the succeediu;^ tallies. Tin \alilc ot K

should fail off sli^htU on account '<\ the sH-ht d< crease in I'..

C, and J) : the larj^er '!• crease jusl at the end is due to the fact

that e(|nilil)riuiii is hein^ aiiproachcd.

In 'r.ihie 25, while tl'.c other cousUtueuts are the same as in

Table 24, the iodide iC ' Is multiplied b\ the sijuarc ro.,t ot j ;

K, falls to lialf its \alue in Tabli j |. show iuj^ that tin iodi.ie

aits iiuersih as its s.juarc.

In Table 2" tile arsi iiious acid is half its concentration in

Tabic 2), and the \alue of K, f.ilK to half; the arsenious aciii

ll'c: acts ihcref.'Te as its first power.

In Table 211. l>oth C ami i'an. \aried Init K^, which isiiidt-

j.K.-ndent of ariatlous in A, II, and C, is double that of Table 2\,
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showing; that the sulphuric aciil (Diacts invcrseh as its first

lH)\vcr. Thi- rtlation hftweiii tht vahies of K, in Tahks 2Saii(l

m ooiiliniis this coiichisioii.

Thi- risiilts of the series are simnuarized in 'l'al)le _^(>, where
K ".1,^5 is constant will within the experimental error. This
value is onlv half that found nsiny; sulphuric aciil au<' the flilTer-

ence may he due to the j;rcater dissociation of hydriodic acid.

7'i iii/>i>(itiii< ( \>iffi<itiil.—Tile e\]H'rimentsof Tables 2S and
-'<) were carried out at lo' C, and the relation of the constants
-,Mves V 2 as the coefficient fortius tem])eratnre interval; nsinj,'

>uliihurie acid, the \alue was 3. ^(;.

Series E. Reverse rate In the presence of hydriodic acid

In this series on the reduction of arsenic acid hv livdricnlic

acid it wa- not ])ossitile to duiilicate the extended set of rates of

Serie> .\, since tlu 11 ioii could iie\er he i)resent in <.;reater

numlier than the I ion. The exi'erinunts of Tables ^l-^s were
carried out, usiu-.; ex.iclh the same procedure as in Series .\,

and the results ,ire summari/cd in Table ^7 where the hcadin.>,s

ha\e till s.inie sii.nilicauce as in Table jn. The C factor and
I) f.ictor are aluio-t identical in \nA\\ tallies (j.iand^^;) for the
same value- of C and D—the di vei^i lue fvoui the simiile formula
iIv|uation ,( 1

i- clo>el\ the same for C as for 1 1. The value of

K sftuis to Ik- s!i.L;htl\ larj^er than in the case of sul[)hnric acid.
//

»if>, I ii/iii, < ,',//;, I, lit.—The exiieriuieiit of Table \U was
carried out , It k, C .uid the value of K, ^mvcs. 1i\ comparison
with ill. It ot T.dde ?2, a coerticieut of 2.,^,^ for this temperature
interx.d ; the \.dur for sulpluiric acid w.is 2. \-

.

Series F. Equilibrium in the presence of hydriodic acid

ill this siries ..u i(|uilib!iiim of uiiNtiires with hvdriodic
.icid, the s.itiie methods as ,ire descrilied in .Series C were em-
lilo\e<l. \ sit of till determinations is j^iven in Table ^S. 'I'he

\aliie ot K, foi dilute solutions seems to lie in the nei<;hborhood
ol ...t, I,,, The \alue of K, K; from 'lie results of Series |) ;ind

I'., is 2.S I" s(, that about the same iliscrepauc\ is lure obsirxed
as was found ill the former paper in the work with sulphuric
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acid. I'roni tin- analojj^x of tlic two cases there can be no doubt

but that ex|)eriuieuts followiiitj this reverse rate to e(iuilil.'-

rinui would show the same excelleut a<jreeinent as was fiually

found in Series A.

Ti mperatiiif C(>< (fitii nt.—The ex])eriineiUs ii to 14 were

carried out at 10' C ami the otlier lialf of the same solution at

()" C. The relation between the pairs of constants jjjives 1.25 as

the coefficient for this tem])erattire interval ; the ratio of the rate

coefficients is 1.27, so that we have here a^^ain excellent a)^ree-

ment.

Conclusion

The conclusion^ of the former pa])er receise the slron^ast

supjiort from the more extended data recorded here.

The formula for the direct rate (l'"([uation 16) i> found to

hold with remarkable exactness f(jr both sul])huric and ludrioilic

acids and K is non-variant ri^dit up to etniilibriiim.

The formula for the reverse rate ( I-"(|uation 2 1 i-^ found to

hold for \er\ dilute solutions with a and A unity. With in-

creasing concentration of iodide (C) and aci<l (D) the valuo of n

a> ' /' increase similarU. The \alue of K. is found to incrca-.e

a> die e(|uilibriuni i- ai)])ro.'iche<l ami aKo when llie rale if\ (/() \<

lessened by decreasini; ( M — i ). .\ sati>lactory theoretical ex.

plan.ition of the>e ])eciiliaritie> i> ad\ance<i.

The\aliieof the ei|uilibrium con>tanl K. i^ 1.3 i" — \aria.

tiuns beiiij,' iM)»ibl\ due to experimental errors. This value is

in remarkable aj,'r>.ement with the <|Uotient of the two rate con-

stant> K K 1.} i<i. The ratio of the rate tem]ieratun- coif-

ficieuls alv) n])o\\> iIk- same- excellent at^reeuient with the

eipiilibriam temiK-rature coeflicieiit, b'inalK, the inculiar action

of coucentrati-d sulphuric .icid, incriasin;,' its action f.ister liian

its Concentration, is show n in each of liie r.ilis and in the e<|uilib-

riuni.

In \ie\\ of the compU\it\ <if both rates and K|uinbrium

functions, this ai>i)licatioii and coutirmatiou of the Theor\ oi

Kinetic Ivinibbrinni must be rej^arded as tlu most satisfactory

known.

.
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Mv thanks aniliut.. Dr. R. I-". Kiittaii, in wliM>f lalxmi-

li>ry tlii> work was tarried unt.

(.•i.niital l.,ilvriil,>ti ,} Ih, M, ,li,.il I .iciilh
.

Mid'll /ncirw/i, \lonlr,,,l.

TABi.i; ••> ciiNTi- \ rs

IntriHtuctioii. ---.-...
Parti. Kvpcriim-iits usiii^ siili>liiirjc ai-nL - - . .

Sirii- \ ivxlpiiikil rtvtrso rate iiu-aMiu iiifin>,

Scriis H Hiiect rate luir fcniililiriiiiii, - . .

Series C i:i|llililirunil exiierimelit.s, - - .

I'arl 2. l':\i>eniiieiils usiiiK Iiy<lri>iili aeiil.

Series I). I lireit r.ile. --...
Series Iv Reverse r.tte. ---...
Series 1*. Miiniiibniim, ---...

Ct)iu-hisi<in, - - - - - . . .

'r.viii.K I

TiC. l.;,.sS; H,S(), (1>,, 28. ()2; H,A>(). i Ivt, n.28,Vs; \'.

7 IV

729

7.^7

7.^8

740

741

74 J

74 J

74,^

Ni>. KeaMiii^ !: K,.i. K, I,.-

I 0.0 n,(i (>.0(K)0 (..28,VS _ —
2 .S.'» 1.0 <i.n^l86 ti.2,Slf' — —
.? I5.I 2-7,S osi 54 11. J()20 .^^.s 6.54
4 26.4 4-7.S "•'4-.S O.I 110 6.72 — IT

5 --JO (":' n 1615 1 M J Ji

)

.S.46 6.02
6 .vv- g.S" iv |i^( i<i O-0q,^,S .S.06 5.66
/ 4". 2 14.S 0.21 71 o...f.64 4.20 4.80
8 47-7 -.S- " -\S7'' ( 12511 4 'I 484
<) 5< 1. -• 4.^" .711 0.0124 ,VI2 .V7;

Reading 52.5 is proporlinn.il to » u

I'vni.K 2

I C), I vs-^; 11,so, (I)). 19.28: II .\s(),

No, Ke.i.linv !; -

;''^.V'

1:1, 0.28 vs: V, 0.120

K, i„«

I 0.00 00 (X KH) -VS^s —
2 ' '».S 12s o.oio.s;, " -•7V> - —
:> Si (...s;, -'i>4,%74 f>2,V)8 I 02 '57
4 l,V6 I I.o 0.07 ?42 : 101 I -,o 1. 84
5 lf)"S •7 " 1029 <i. lS(/i ' 14 1.82
6 2.V.=i 22 8 D- I2''i<» 1 5f,6 I. I 2 I.So

7 288 .' ' ,S " '.Ss.S 0, 12S0 I .1 .<) 1. 78
8 .VV7 4.V-' 0. iSju o.ioi s I .< 1,; '74
9 .'i9 '. ^'7 5 0.21 22 07 1 ; o.Sh 1.40

Rf; ui-.-.iK l.roponioiKil t. 0,281
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Tahi.e },

I (C). 2. 71''; n.si). (D). i.,.38; ir.\s(), iv.\. 0.2855; w 0.120

KiM(liii)> K,.i.

I 0.0 0.0 f) (XXIO o.28-,s —
2 4 7- " 7.S 0.(12548 0.25.^0 —
.1 ",S .Vi 4"'-' o.u.sj;., 0.21107 2. ''8

4 2.^-.i ^7S 0. 1261) 0.1566 271
.S 29 1 12.2.S 1..1571 0. 1 264 2.70
6 ,^4-^ 16.25 0.1847 c.i 988 2.69

1 .^'1-

'

22.1) 0. 2 1 1 1 0.0724 2 iv^

s 4= -' >4 8 <'244> 0.051^4 240

KiMiliii^ 52.5 Is proportioii.Tl to 1 0.2^
',5

Tahi.i: 4

I Ci, 2.7i(.: II SO. I)'. .).f)4. II,.\>(», ii;>. ......s-,5; \ , „ ,.,,

So.

0.0

« .r V. — ..

i

—

K,i..

I 00 0.(M KK^t o.2S^S
2 i..^8 l.S o.oroi 5 "J7.V> —
y '^7,', 8.0 o.o5'i2;; ..,24'. I 7.02

4 11.5 19 2 Ofi2Io .2214
.=; '7

5 i.S 5 27.8 o,oS;,7o I>m;8 ->7
() ^2.*>^ 14 '^ 0. I 1 1)1 <> "'44 S- 1 1

^
/ 27-5,S '

' - 7 " '487 0. I^S S.02
8 ,5'-2 7" 7 i(,S5 (>. I 1 ^o S <)0

<) 3=i '» ii II 1.5 0. IW.5.S 0.OS1I7 489

Reailiiin 52 ^ i~ projHirtion.il to 1 o,2N55

T.MII.K 5

I (C), .5 4.>: H.SO, (1)1, 9 64; H AsO, . l-li, o.28;,5: V, o 13(

No.
1

"

i

I-; « K,. lu-

1 00 0.0
1

! <). 0000 0.2S ;;;

3 31

5

.'.5 0017..

1

.. 2f>6^ —
7, i.V'> f.8,; " "75. '5 " -"^4 1 . 69
4 20.8 1 .* • ' 0. 1 1 25 017 10 1 . f..s

5 368 17.8 1447 Ml ;8s 1.04
6 .VV6 26. s (•- IN 14 102

1

I ,'<l

7
1

4".7 ,?6.,^ 0.2I9.S
. t ^' ^ 7 '•74

8
1 4.V4 50.0 o.2;,45 o4().' 1.4S

Re.uliiig 52.5 JN proportiuiKil ti
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Taiim: 6

r (C), 5.432: H.,S(). (I)), 4.8-'; n,.\s(>, (K). o.iS.vs: V, o.i^o

No. KrailinK K,.io'

1 0.0 0.0 0.0000 0.2835 —
2 2-.S.S 4.2s ".01.177 0.26.J7

3 6. 1 >5 I I.O 0.0^267 25118 4.67

4 II .'1 21 .S 0.06103 0. 2225 4-95

5 I0.2S 45.0 0. 1 2 1 ,S 0.1620 4.69

6 38.8 7.S" o.i.S,s5 0.1280 4.61

7 .H6 104.0 0.1868 o.ot)67 4.46
8 40.0 14c).

2

0.210(1 0.0675 4 ',S

Reading 52.5 is pro].r)rtii)n;il to v 0.2S35

No.

T.M'.i.i;
,

T (C). 5.432; H.SO, < \)). 2.41 ; H,As(), {V.). 0.2835; \ , 0.120

Rea.1-

1 01)

2 0.68

3 '9
4 5.4

5 I I 85
'> '7 25

7 24 75
8 297
9 }.2A)

370

I K,.H'' Ki'.lo'' R.iii'R,.io' K,".iu' K/.ii

0.1) 0.0000 0.2835

1.5 o,()"i367'>.27<j8

8.(1 0.010260.273? 1.85

26.5 00291602543 I 67
64.2 o.o64o.'o 2 1(j5 1 .6.S

loi.o o.fx)3i6o. u>o3 \.(n)

159 o. 1 336 o . 1 499 172
227 0.1604 0.1231 1 5<)

270 0.1776 0.1051) I 58

340 0.19^8 0.0837 1.55

1 ^s
_

'.«.S 56— —
1 .90 0.58

' j
— 1.65 0.51

''• 7..Sf' 0.41 I 7,^ "5S
'77 6.1.. -.85 2.02 0.65

1 . * y
3.60 1 .21 1.68 '^55

I.4S 3.''. I.So 2.10 o.6()

1 47 2.64 ..89 2.5H (>.,S6

Riadiiij; 52.

AveraRe 4-.S i 67

proiKirtioiial to x 0.2835
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Table 8

T (C), 10.88; H,SO. ( D). 4.«2: H.AsO. CE). 0.2835; V, o.uo

No. KcailiiiK » Iv — -r K,.io"

I 0.0 I'.O «).liO(X) O.28.VS —
2 .S.95 1.67 Q.(.277 o--'55<*< —
3 18.0 ^..^3 '>o**37 0.1998 2 30

4 30'y 'V4 0,1.^72 0.1463 2.08

5 4«-5 •225 ...i<>,V 0.0905 2.17

6 46.6 294 f).2l62 0.0673 2.10

7 520 40.7 <i.24lH 0.0417 2.02

8 56.2 5H.<, 0.2613 0.0222 2.06

.\vira>;e 4-8

Reading 60.9 is proportional to t 0.2835

2.0<J

T.^iti.K 9

1 (C). 88; H,S(), (I)). 2.41 ; H.AsO, (i:). 0.2835; V, o 120

X<i Kiailili).; » 1 !•; > K, 1..' K.Kl'

, 0.0 0.0 0.001 >o 0.2835 — —
2 I.I 1.0 o.cx)5 1

2

0.27S4 — —
3 6.05 617 l>.02^l$ 0-2554 s:^ 1. 14

4 I.J.7 16.2 0.07541 0.2081 8.29 1.2S

,S
22.2 275 0.1033 18. .2 71,^ I.IO

6 29.8 42.0 0.1387 0.1448 6.gi 1.07

7 .38..- 64.8 0.1777 0. io5« 6.57 1.01

8 42.9 82.0 0. 1 1)96 0.0^31) f'43 1.02

9 46.6 i(xj.5 0.2 I'lg 0.0666 6.27 I.IX)

Average 4-6

Reading ('n.y is proportional to v 0.28 ',5

Correction lor the tiircct rate i.s ne^;ligil)lc

44
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Taiii.i: u)

T Ci, I0.88; H SO. . D). I 21 ; H,AM), (K) 0.28,15. V. 0.120

ItMiliir. "
! V. 1

"\

K, 1.. K, 1.,"

0.0 n t V(HH)* »• 1 0.28.VS
-

0.7 117 '.i>";:?,S ;^'

-" vS ^ S < '.nn >92 y\2--" 2.82 ...68

i;.-, o.uU I S <l..'^-U J. Si 0.84

I
, , 11 ', (V<».'^<K> t). 2( t^ > 2.76 (...S4

' ^ •'-. s ,..,„;.-, n. iS'^-' 2.64 0.8;,

-. X 'iS.s . > 1 1 M f>, n - t 2.S') 0.82

1 in.c 1 0. 1 ;7

1

" 14"4 2.56 82

: • 1 I ^~ ' * " I5P u.i;,'>7 -M5 0.80

Idii 01 IM - :>')

2M-

0.78

L.uilll,^ '
' ' ti 1- pro lortiiMial to \ 28 >S

\C

T \I!I.K 1

1

f.ihU _'^ of I'list I'.ii't-r

II S(i (1) , ; .i; II .\>tl, ii;). V. ».I55

I-. > K, K,', 10' K, ir.' K 10' K|",ic.'K,' 1.

1 (1 ( '.(

1

I >.( K ( W^ ;i<> — —
i

— - -

-. '
' \ -1 111 11 ..,,,,161 *i i> - — -

,1
: -, ^(lO o..,i(i7 2<) i

-• "<» -'-.V' ; >S -- ." "1 > .
. ,;8

4 .' 6^ 74 (1 '>I22 1,, oS J .^ I - ,s 1 1 7."^ ^.^ 42

^ -4 j.,r. ' "••4>4 ."'•"
-' 1

7

.' I'l ;', '
' '7 ^ • /

' U)

(> -) '• u n I '7 ' ••7 I.SS . S : ! ..,^46 ,
•

") S6

7 J f ., _
! 1 77 " n I .' J isS I S-, 1. 1

1

V '. J 7 |."4.S J. (mi ..4,S

s -" 7 I .( , J .1

1

<v 1 ;7 1
-

; '77 I 42 <).^»v ..S;,o
.^ ,v <,r,s

') ;; ~ .•4-"" .. KM [ ;; 14; IlS ;

"

1 24 ; 1
_ <)..(8

•.-
. \ J S - ,

)

0. 17 I I ;<

)

1 ! 1 ' ' ^7 r, , 1. ;'. , 12 f),iy!*

K.Mdi ,; ^ |, in-olioni'ill.ll ! » (1. 11(1
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No

I

2

,^

4

5
6

7

8

Tahm: 13

Table 29 uf l"ir>t r;i|)t;r

'i (.C). 2.270; H^SU. (D), 1. 147 ; H,A-<». (V. (). ^ifi
,
\', 0.15-

Keatl-

iiiK

0.0

0.2

1.2

">'

I .V 1

.4.8

21.6

22.4

"O-O

2q2.0

l7,S.n

1 4,;o.o

247" o
288. ..o

R — .1- K,.io'

0.(XKKX]| <)..^I '

K.'.i

o.(Kx«;2i o.,;o()

0.00S51J 0.304
0.017)

I

"-29.^

0.0602

I.

o.si;
1. 17
().8lQ

0.2.S0 o,9_;8
I

o.gHd 15.69

i()8o
j

0.242 o 1^)6 0.770 '4.29

1776 • i).2!2 o >73
I

11.6S8
I3.67

>).>•)
^ 0.21 1 0.675

i

'^4 '.'^ ''•96

102 ; 0.208 • o =1)') ' 0.211 0.9 =

Reading 6, is pi' rlioiial ! 0.310

T.\i)i.i; 13

T tC ), 2.27 : H.Sd, (D). 2.29; Hj.XsO, (H), 0.1473; V, 0.12

N\> Kt-a<lin^ M 1 1-; ... 1 K. lu' K.'.i.

I 0.0 0.0 O.IKKJO i J73 — —
'» "•^ ' -5 '),oo<i

;

0. 14-0 —
^ v2^ 16.8 o.of)34 o. r :

;"< . #» 6.06

4 0.85 '.S5
,

0.01 1*1, 0. 5-4 5-21

5 i4- •^7 5 001 ,s< '3 0. ; 5,.' 4.98
6 - 1 .^ 1 ; % "> 0.i>J2.^7 0. 4 .^•4 S.82

7 -7-5 I 8-' : " '21) S3 .

"^
^ i 4..S8

S 7 2>.s.,=; (>.o3'>i9 1 1 S -, 546
') 8 -' ""-S o.o4'>59 • t'

•

^ .V' ,-83

- rr.ii;i- .,.4f-

Rfa<liiiK I ',7.2 i> jiiiip. rti iKiI ' ".'473

Currt-i'ti'.ii ir ilirt t r..it lu jible

546
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Tabi.k 14

T(C),J.27; H,S(). (1)1, 2.2<); H,As(), ( K), 0.1473 ; V, 0.120;

J, (A), o.joS

No. KeaiUiiK # K — .r K|.io, K/.io'

1 0.0 0.0 O.OCKX) 0. 147.^
^ —

> 0.75 '5 o.oooH 1 0. 1465 -— —
', .V« 18.5 0.0040S 0. '4.'^^ h--(> 576

4 1I.7.S 64..S 0.01262 0. i,H7 5. So 5. So

,S 150.S «7-5 o.oi6i'> 0. i.^n 548 50s
() 21.65 >.^5<> 0.02,^25 0. 1 240 539 507

2.S.5 182.0 o.o.v><>> 0. 1 167 5.46 5.02

8 .^.S--'.S 228.5 <>o;,785 0. lixjs 5.60 5-99

9 ,?8.3 258.0 0.041 1,^ 0. 1062 .S-4.S .S.64

AvtM;IKc- 5.56

Riatling 137.2 is proportional to v 0.1473

Correction for direct rate is ncKliKil)lc

5-47

T.MII.K 15

I (C), 2.27; H,SO. ( I)), 2.29; n,As(), I v.). 0.1473: \', 0.120;

H,As(), (Bi. 0.206

Uf.iiliii^; K,.i.

1 t).' 1 0.0 0.0000 '47.-?
•—

. "4 '7.=i o.(i<K)43 0. 1 4^>9
-

.1 .^ • 17.0 "oo.V^.^ 0. '44" ,S48 .S.4«

I
1(1 (1 .S9-'> o.nl 1 ^8 0. 1 .VS9 S9I ,; 95

^ "4 : S7-.S i>.nl ^7() u. 1 U5 5.58 5.02

6 208 1 ,Vv S o.o.'2 34 .V I 250 .S.V 007

J7 4 iSl.o o.ii2<)4^ IT 7.) .i .V .S-,VS

.s 3V2^ 2270 >'0357' 0. 1 1 lO 5.2(. .s 18

<» 3''.

9

2.S7-" o.t)3')63 t\ •-'77 .S-27 5.20

Average

Rc.\iliiin 137 2 i-^ proportional to t 0.147

Correction lor the direct rate is iiCKlini'>lt'

44 .S4''
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I (C), J.6,V>: H.SO.

Table ih

D), 482: H,As(). (K). 02835; V,

Temperature- 10'' C

No. RcailiiiK el 1 !•; — .1 K|.io'

' (l.O 0.0 0.(»l<)0 0.2835
2 i).8 0..S3 (X>3I4 0.2S04 —
s 1-0 3-'> 0.00746 2760 3.10

4 4.8 H.o 001885 0.2647 349
5 10.85 19.2 0.04260 0.2409 V5H
6 16.S ,W 7 n 0660 0.2175 .^57

7 24 .^ 50.3 o.( 11)54 0.1S81 3-51

« 3.V7 757 1323 0.1512 .V57

" 39.^ I' t2.2 ') l.H.> 0.1 292 .? ^J

Reading 7;

3-54

I (C), 2.636: H.SO, (1)1,9.64; H,.\s(), il'), 0.2835; V, 0.120

Tfiiiix-ratiirc lu ' C

NO Keaditif; n

, O.lJ (..,.

2 2 s.S i.o !

3 i.S 6 8.25

4 19.8 1 i.ii

5 22.85 1.^2

6 3»'-
1 5 19.0

7 ,^67 26.2

8 42.1 31.7

9 46.2 37 5

O.IXKKX)

0.00884
0.061 26

""777.S
0.08973
o. 1 184
o. 1441
o 1653
o.!,^l4

Average 4 — 6

Reading 72.2 is jirojiortioiial to v 0.2835

K,.n.'

-'835 —
0.2747 —
0.2222 12.7

0.2058 f 2.5

0. 1 938 1-4
0.1651 '2-3

1394 11.7

0.1 182 II.

9

0. 1021 11.8

12.4
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Taii.k 20

Table C I) K

I I.,;5S 28.9-' 0.-^835 0.1- 54

2 I. ,158 1').28 0.2835 1.12 1.2

;, 2.716 19.2S 0.2835 0.12 2.7

4 2.71(1 9.64 0.2835 K.12 11. 5r

5 5-4,^ 9''4 "^''^.VS "!' 'f)

6 5.43 4.^*2 o 2S35 0.12 0.49

7 5,43 2.41 0.2835 .M2 0.17

H ir.-8 4.8-' 0.2835 "'2 -•'

9 10.88 2.41 0.2835 0.12 0.74

10 10.8.S 1. 21 0.2835 0.12 0.27

11 2.270 2.293 <i. 310 01550.024

/
9.0 / .V7'

;I.I7

\ K,.iu-
f,j.,„f factor iiiilrx iiulex

6.5

1.8

1.6

0.77

i-,S5

1.72

0.70

/••54
.11' 0.51

\
5-4 ^2.4.

44

163

/33

)2.9

/'\
;2.i4.

2.8

^2.6

>2.0

.48

'•.38

\

12 2.270 1147 0310 OI55011I2

13 2.27 2 29 0.1473 0.12 0.055

14 2.27 2.29 o 1473 0.12 o.o^d 1
initial I,>

15 2.27 2.2) 0.1473 "12 0055 (initial HAs(^,)

16 4.80 4.79 0437 0.50;) 0.01 I

17 48^ 4.S2 o.4;9 o 5o<) o.<ii3

iS 2.63" 4^2 o.2><35 o. 12 o -,54 I Temi>Lr,iturc lo°C)

19 2.636 9.64 02S35 o 12 1.24 C

" "
)

Ti-nipcrature cm iVRiuiit (lor 10 )

Nos. 4 .111(1 iH Ki^i; 0.354 3 3"'^' i ,>"

Nos. 4 ami 19 K'^'-' 1 J4051 2 4>

"•51

0.84

0-39

o 38
0.42

1.68
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TaIII.E 21

T(C), 4.80; H,S(), (D), 4,79: n,As(), I K), 0.437; V. 0.500

No. Rciiiling

?,

4
,S

6

/

H

'»

10

I I

1-'

1.^

14

15

16

38.5

.^7"

.VS"'

.VV5
-")7

2.S..S^

-•7.«7

2667
2f..,S7

26 (H

J'.. 14

-•5.78

2.v6l

2,S
-'>

JS eS2

0.0

2.00

117 i,

.S49

l').So

2708

-'),S2

4M)2
4,si,5

563.^

61 [9

7<>.S7

K,.io' K,'.lo* K'.io' R,.io' K.rrc

34190.
^2()S 'p.

T, 1 08 O.

297.S <>

2638 O.

2562 b.

247.S o.

2?''9<'-

2 ;f)() o,

2,^4V"
2320
22<((J kv

2274 O

2291

2293.1

107.5

1262

l''V,2

IS08

i89,S

2(X)1

2010

-' '27

2050
2IIS0

209')

2079
2077

9.56

9.19

797

6.32

,^74
4.80

4-44

4"i

2.61

<).5'> I.

K.97

6.27 o

6.09 I)

3.72

.3-50

237 >

o.6s(> f)

1.1(1 11

"•4,i2 o
o.()3(i o

0.362 )

04
868

^64

2 -,8

215

' v^

o36,S

0602

0233
C14S8

0187

o.36,S

0.432
0.478

(1.5^9

0.619

0.649
0.685

o. 690
0.695
0.702

0.71,'^

0718

RlmcHiik 49.2 is proportional to v 04^7
K," 1.3s 10 'ni^'*^"^ l^i' 0262

Taim.!-; 22

r (A). 0438; I1,A>(), ilii. 0439; H.SO, a»).

\'. o.5fx>

1.30

I .3=;

1 ',S

1.24

'37
1.41

I 46
i.,V'

1.38

>u
'•45

'4.^

AvL-ra^jc 1.35

4,^7: I >^) 4vW;

RiMiiiiiv; K'|. K,",i.

2 4671 2 00 4148 0.0222 — - —
^ 44 4 '"5 'o.,^>>4.1 0.0(27 12 2 12 2 I Si) 0.152 1.32

4 40 wi ,VVV00.363 < 00737 10.4 9.52 1.25 0.2(13 'l.S

5 .•vV8 10|0 V102 . 1. 1 36S 8.8(1 8.,

7

0.7^5 0.4S8 ..,^6

(t (2.t 16 '.v^' ...2847 I52.< 7.(ki (1 19 0.503 0.542 1

7 3.1.2 ' 7.<.S 0. .'6 -2 .1.I6S8 7.6 ? .S ,>6 0.385 o.f«)2 1

S 2S.27 2491 0.25 10 '. 1 S(,() 6.31 .V.V) 0213 0.(16 ( 1

•) 278.^ 2736 0.2471 0.1899 .S.99 2-.S7 0. 1 >7 0.677 1. ;,

111 27 .=i4 30.'6 2446 0.1924 .S-55 • 4' 0.' iS440.6H(i 1.29

1

1

26.8(1 .V)7'' 238(1 0.1984 4 47 1 oS 0.06150.707 I .VS

12 26.45 4.S^9 2349 < 1.202 1 4.02 1.09 oN)i 0.720 1.42

' .> 26,28 5-\'.\ 02334 0.203(1 .V4>^ 0.32s 0.01 790.726 '37
14 2623 5i)i >.1 0.2329 11 2041 .V'>* 1S4 oiix)o.728 i-.V"

I.S 26.29 '1^43 0-235.S "2035 — —
16 26.^7 7.U7 0.2342 0.2028 -- — — —

Reading 49.2 i> pro|X)rtioiial to x 0.438

K," 1.34 10 ' gives K,' o.36(j

Average 1.34
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No.

2

?,

4
.S

6

7

s

9

lu

II

0.0062
o.fK)i6

0.261^

o J.s8

o.oSi

0.044
O.0S4

0.16^

0.0134

0.07 .S

0.072

Br C .1-

o.(Xi62 '0.310

0.0916
I

1.49

0.269 2.89,S

0.2.S.S

0.079
O 04 2

0.081

O. I 59
0.425

0.070
0.070

2 o,S7

1 .044
0.606

0.909

'74
1.00

[0.918

1 OS,;

Tabi.k 2,;

D-i I
V.-x

0.602 jo. 130

o.,si6]o.24S

0.97 1
0.07

7

2.27 10.0278

0.648,0.334
0.688

i
0.341

0.522 10.539

0.568 '0.223

0.86 '0.0904

0.531 0..S48

o.6,S7 ')3'.'»

\os. 10 atul II Tcniper.ilurc 10 C

Tcniperatiire eoefTKMeiit (for 10' C)

Nos. 7 and i<i give i 41

Nos. 5 anil 1 1 <f,w^ 14'

From rate teiiiptr.iture

l'"roni coefficient fur 20

0062
0916
296

2577
168

205

5.^9

087 s

0904

-0.548

o,

o
o.

o.

—o.

—o.

—o.

—o.

o

0.12

0.12

0.12

0.12

0.12

0.12

0.12

0.12

0.12

O. 12

O.I 2

K„.io ••

1.76

1.26

1. 18

0.91

1.08

0.94

0.77
0.71

0.57

1.08

coeflkMenls. 3.39 2. 37

C (of I''ir>t Paper! 131

14,^

T.MII.K 34

I, (A), 0.519; n,.\>0. Hi. 5 15. 1(C). 4 54; IM)),3J<8: V..x6.k.

Rra.liiiK I* A -.1
!

K,.lo' K, I-
No.

. 28.8 0.0 0519 — —

2 27.0 583 0.4865 — —
3 26.2 120 ..4721 210 1 7.;

4 21.3 S2-.S o.3«,;8 2 20 215

5 19 25 7f,.o 0.34(19 210 2.07

fi 16.2 1135 2919 J 06 2.07

-
',V45 1545 0.2424 2 "3 2.08

H 10.7 212 0.1928 1 95 204

9 8.65 27! "'SS''^ 1.87 I 99

10 705 33C' 0. 1 270

A

I .So

verage 4-8

1 91

208
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Tablh 25

T, (A), 0.519: H.AsO, (B), 515: I (C). 6.39; H (I>), ,v88; V, 0.600

No, KeailiiiK .\— .*• K,.iu' K,.io-

I I8.8 0.0 "519 — —
2 :'8..? 1.08 0.5100 — —
.1 27.9 6,W 05027 1.20 2 .H

4 j6.i ^'•.^ 04705 1.16 - ' ,S

5 -'4 ' .=<i5 0.4381 1.19 J .22

6 22.8 ,S6.o U.4108 1 10 2.08

7 20.9 118.0 0.3766 1.13 2.20

8 I9-.^,S 154.0 o..H«7 I .oS 2.07

9 17 25 21)1 .0 0.3 1 oS 1.08 2.0.H

10 '5-.^ 260 0-2757 1 .03 2.02

1

1

14.05 303 o.253> 1.01

Average 4-1

1

2.01

2.10

Tahi.k 26

r, (A), 0.519: H,As(), (B), 5.15: 1 (C), 3.25; H (1)1, 1.94; V, 0.600

No KeailiiiK H .\ - r K, 10' K,. 10-

, 28. fS 0.0 0.519 —
2 26.9 '-.V^ 0.4H47 — —
3 258 .V.So 04649 8;.4 421
4 23 (1 10.3.^ 0.4 '45 7-55 .V79

5 19 -'5 18.

H

0.3469 8.29 4-23
(1 ""4 .V>3 "2955 742 .V92

/
"2.3 46.0 0.2216 758 4.16

,s >S.o 76.0 0.1441 7.20 4.08

Q 662 1)2 0.1 192

A

67.^

veraRe 3-9

3.90

4.04

ULLJI-IW .
'Jt-All.JF.H i-a.
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Table 27

i;(A), 0.5K): H3ASO, (B). 2.58: I (C), 4-5,s; H ( 1)1. xH: V, 0.600

So. KcailinK ' " A — 1 K,.i..' K, 10'

I j
28.8 I 0.0 f>5'9 — — 1.

2 ,
28.6 1

l^^ 05153 — / !

r>
28.05 6.75 0.5055 I .S5 2.96

4 i 26.8
1

22.8 o4«29 I 32 2.47

5 S 25.4 1
42-5 ! 0.4577 '25 2.41

6 2,^.45
1

7.S-5 0.4225 1. 16 2.24

7 21.4 1150 <>,V*.s6 l.II 2.16

8 i 19.05 !
161. v.M^:^ 1. 10 2.22

9 16.65 "9 O.^CMX) '•'3
!

3.10

10
I 1524 27

»

i 0.2746 1.01 2.07

II • I.V6 ! 335 1

0.24.^" 0.97 2.04

Avcr^ige 5-10 2.20

Taiii.k 2.S

i; ( A

)

0.519; H,A-(). n>.
'1^

5.15; "I iC |.^<.,U.
. _o /*

H (I)'. ,v88 \', fl(K)

Teiiiiieralure 10° C

No. RiailiiiK

I

3

3

4
5
6

7

8

9

26.8 0.0

26.f. '5
2'-'.

4

VO

-M'.!.',
9.0

22.75 2U.S

19.65 ,8..'

16.1 (,4-^

14 '5 •^3-"

10.7J , .no

A I K,.|. K..IO-'

0519 —

—

0.5151 --- —
0.5" 13 -'27 4.16

o..>832 .V72 6.70

4406 .V5.^ 6.45

iH^^oS .'v57 6.78

051 iH 348 6.61

0.2740 V.^0 6.5!

,,.2. ,76 VoH 610

AvtTiine 4-8 661



Riailioii hitwciii Arsiiiious .Uiif niiif /lufiiir

Table 29

75'^

I (Ai.osiq; H,A>0,( B). ,s 15: T(C).4- = 7: HiDi. i..)4; V.o.f.oo

Tcnii>eratiire 10° C

Ni. Ke.iiliii); K.

S

y
10

Tal.le

-"'4

24-5r>

H» S

16.S

14.4

ii>.f)

9-45
7.7.S

' ,S

,v''7

»-5

'4-.^

>')-.S

24-5

,^1.(1

.V5-5

43-5

c

0.511)

0.4826

0.4571

"•.^«.^4

o,U43
0.2831

024.S7
0.2084

0.1857

O.I,S,V>

T.XHI.K .^O

I) K,.I<)'

10.8

'41

I .^.o

12.7

12.4

I 1.9

Avcrajie 4-10

K. I.

10.4

14 I

1,V6

O

I2.ly

Trill p.

24 JO.5KJ 5. IS 45,? :

.VSS 2.11 2.08
j o.l.VS 0°

25 10.519 5.15 b.V)
\

v8S 1.1 -, 2.10 '

d.l.^'') 0°

2f> ;o.5i<,' 5i.i .v25 ; 1.1)4 S.;, 4.04 \
o.i^i o"

27 0511) 2.58 4-.i,S 3.84 III 2,20 i o.i3() o'
Averajjt-I 0.1^5
'>.6l

'

0.427 10^

l.v,>
j

0.4 V) 10'^

Am.t.".h>^! 1428

Tiiii]>.-ratiire coefFicieiit 1 for 10° C. ) 0.42H0. i v5 ,',.17

Tahi.k ;i

\ {O 6.5»; Hi!)) 4.91: H,.\>(), i:) o.2S',5; V. 0.12.1

28 0.519 .SIS '^',14
i
,VS8 .v-5

:<) !o.,Si<> ,S.i5 4 .S7
!
'94 140

KrailiilK K,.i.

1 (l.O 0.0 O.I) 00 ,..2S;,5 —
2 2.95 1.0 o...i,,6-, 0.2728 -

?,
,s.s .^•7,S "<>,?i7.> 0.2^|.S I 27

4 19- VS 'l-',S '>.o(H,S U.2 157 I 5-

S 29.<' 16.0 0. 106S 0.176; , ?8
6

i .tJ.o i.v.S o.i4.,(, 0.1429 1 2'>

7
j

4.r.s ,V'<) 0,1580 0. 12 55 1 "7
8

I

5J-" .VS.8 .. .897 0.09,^8 1 25

9 ,S74 47.0 > J070 ().o7(.5 1 2 I

1

)

6'
5.7 " ..22^6 o.osuo 1 l.S

KfulitlK 78.6 i-. pruportioijal to 1 ->8-o



-rm /. A". A'l'r/iini'

Tahi.k t,::

I (C). .V-'7. H (!>)• 4 9'j H.AsO. (K). o J S35; V. 'U"

4

6

8
')

1(1

1

1

Rcail ,.tJ
* '• K - . K,.lo'

t).<> ().IXXX> OJS.VS —
1.8 l.n 11.00649 0.2770 —
5-45 6.^ o.oigo.S 0.26.^8 .v«s

• * » '7..S 0.04747 o.2,VS5 4 27

19.; -^7.^ 0060-5 0.3142 4.26

24-''5
,

37-5 O.Ol)4N> 0. iq;vS 4.38

-^94 46.8 (). 1060 '77.S 4.19

\(t.t) 6-.8 01 jgS '5,17 4 ")

4.. > 7-^5 0.1450 '>'3!^,S 4.19

45.0 f-S., 0.1623 1312 4.10

,^16 I 15.0 0.1861 0.0974 VW

Kc.iilnii; 78. '1 1- iii(ii>iirlioiial to \ o.3><.;.s

I (C 1. ^37; tl ')). 3.4'> .
HAsO, (1 .1. o.38,v5: » . O.I 20

No. Rr.dliiiK i « r 1-: - 1 K 1 . U)

'

1 t l.O 00 U.iMlOO o.38,v5

o.oS I.3S ( 100 18 o,3S,v; -

^ ' .vs I ''.3,i o.(K)4.S7 0.3786 .48

4 .S.",S jr.; 0.01 N3 1 o-3'\s.; 14?

S '» .s 40-8 <).o?436 0.34<)2 1.41

6 I S3 7' ' ^ 005485 3385 1 % S

-
19 7,=i 93.

s

o.( 16 *4

;

0.3 141 ' U
8 3,V-',S I 1 s.s O.oS ;S(, 0. I99'> ' '^4

9 26.0 1 %3.5 0.09 ;7'** 0.1897 Id
10

i

29.2 1 S4 0. los; T7.S3 IM

K ua. iiii; 78.'. IS 1
iiojiorlioi .1! 'ii I . «.vS
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Tahi.h 34

I ((.'1. i.(>4.s; H (1)1. -'.46: HjA.sC), d':). o.jSvs; V

N... Keailjiig m

.- - —
1 K - . K,.Io'

1

1 0.0 i>.() OCICKKM) <>i8;,s
2 0.0 1.0 (.).(K>I1<>0

,

o.jS.vS -

y 0.4 4;v^ 0.(1<).» lf> 0.281,^ 5-7.>

4 3 -' 4.;... I>.<)i728 0.2'^^2 6.28

5 .s-.s.s ">> o.o^vg; <).2S,^6 6.2,?

<i H.7 1 J^.O o.()4rn,7 <>-2.;f>,S 62.;
/ 'V5 Jo^ U ()<>;8v' 1

.'05.' <>.75
S !>< -VS .^H'.O (>.<Ky<S,(i 1S49 596
9

!

J.^.O VS-o <i IJ4J 11 159',

A\er;inf 4-8

.S.76

Rcadi"K 5-' S i> proportioi al to \ ( ..JS;;

TahI.K Vi

1 (C). -,.27: H ' D), i.2,v H,.\-(), (iCi. 028VV V. 0.120

No. Ri.i.liiiK W t H - 1 K, 1..' K, lu"

I o.n 0.0 ( >.<^ HHM ( ,8vs -.

2 o.t> l.2i . 1 M KM >0 S ;^ - -

s '3 ISO 0.(K )70.' O.J -'., - _i
^ 7.12

4 .V'>.S .^-' .S 00 ()-l o.j(,-,S ;
, .0 ()02

.S (. ,s I !;,.o 0.0^672 o.24'..S ^. ^o .^ i7
u 10.7s H)S o.os8..,s u.2j^4 > I 2 ^ 1 ')

1 1 > v^ -•97" 0. 829 .Mn .'.
5 to ^.2 r

.\\ .t.il;!.- 47
Ki-.ulinn S' s IS iM(i|i(irti(iii,il i.> t o -8'vS

4=i
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Tai. ..I-. ;,6

I (Ci. .V.-7: II (I>). 4'(i; H,As(), Iv)

Temperature ii>" C
^855; \'. (). r 2it

N,. Kt-Miliiix « 1 K - X K, lo'

, 0.0 on ().()tXX« 0.28.?'; -

2 - "5 1.0 0.(>0«O.S 0-2 75.S
—

.; i-y-' 4.0 <..02886 0.2546 " 4

4 12.25 7-25 > )(i48ic> t> 2.VS4 II)

,s ih.iiS 10..

s

<j.<>t<6s6 0.2lf><» IO.'<

6 2 2-2 '47 <)<)87i8 a.\i)b\ 10.8

7 26.8 18.8 1052 0.178^ 10.7

8 % vQ 25-8 'i,V^« 0.1504 10 f>

') 408 54 7 .1 1 602 «'>i3.^ 10.4

Id 4^-4 4 7-.S 0.1900 <^ 09.15

Average 4-8

10 I

10.7

Ki- iliii>; 72.; i s ])ri)lX)I Un\ lal III X 2835

Tahi.k ;7

Talilr C I> 1. V

^I 6.54 445 o.2S',5 1112

,V? ,V27 4.1),S 0.2.H,VS (1.12

; , ',.27 2 45 28 VS <i 12

',4 l.f'4,S 246 •i2^?5 0.12

VS v27 12; ii2S;i 11.12

V' .127 41)6 li.2>VS "12

T ih!e .^'^1. Tt niK r;itiii(.- 10^ C

Tvinp.natlire ok-iVic ml > lor 10° C)

^o^ ;2 and '/y gi^e 2 5'

K,ii.- c f.irtiir I) fi it..r K 10'

I-.1.1

^ 1

1 (IS

"4-7 I ( fi

0. 14>
\...1

"7 •

IM 162 25 .ir,4

1)056
/

.s.s

1 117



Rldtth' III t'i< , I M nil 'II \ if lllh* li'iillh

1 i; . c

'I' i^.l- iS

K, 1.

1 I), lo^ 1(1 iiii I. ;;.' , S4
(J i><)6.>ji).iKii;5 II 64 I iDi

; 11 667 ;(i.f)*i7 5 iKi
I
V .

4 (1 1 14 CI ?. () I 74 I ; j

^ 0.1 ,^ (i.i, ;)i 1 1 7 I s I- t," >

'I II. 1 ;;, ii>. i;,i :>', o. ;,so

7 ">.r65 2511 I '< 1 ^N.'

5 1 050 o.iq- 11 ; i; <> j6;

V 1 208 0.518 I 74 1 ^,

10 <i ^Si («. ,^80 2 -
\ i fi-

11 ci !• I) 11 SI'S - 74 1 Vi

• I' "
,

I ' '.,-' 1171', 1' 4: ,

! ; I. .'4>< 2^2 \.2^ .. v.;
,

14 11 i^fi 44 II 7ii- n 4(17

N'l^ 11, J _• \\ 14 tt.-Illlll.T.lt. It 111- C
Tl'Ill].. :.itlllr icii li, lit liir |. C '

\i>~. 4 .111(1 I yivc 1 , I

" 5 .mil \2 ni\c- 1 ; ;

" 7 .:'iil I.; uivc I

" .s .iiiil 14 i;i\..- 1
i

.\\ ti,ii;i- I .'

;

l-'iom tlu .ti- lci!ilK.-ial';!< i.-llii-n i:'.- ; 1 7 . s

1 " ; iiii > i _' 11.7,^^1

"• .M7 • 1.S22
115 . , f.(i7

1 .- 1 i>;

1 .':! 1.146 • I 2 11../.

-11 ( 1

1

1 J 0.61 ;

--? - - 1 t 1* 1

'

12 0.S71
t**- -4'^-'

I 2 0.527
1 1 1 ,11

1
-• 0.5(1 -,

" 1 .; 1, 12 ;Sj
'

'
• l.V? '> 1 1 ",<f>4

'
-

. < 1 !(>()•, 1 . ( >
1 .. >i,

-' i •1.215 1-^ !>.> 1 :

|i)i« 11 4IW ll,(.^

411 1 . . 1 -, 1 . 1
"1

>'.(.24




