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INTRCTUCTION AED OUJECTIVES

In the =ulf:te or Lraft .rocess, wood is cooksd in & solution,
the active chemicale of which sre sodium hydroxide and sodium sulfide,

Congiderable sodium carbonnte is also _resent in the cooking liquor.

Cooking con:itions vary e great deal within the svlfate in-
dustry., Most mills, however, operste with 17 to 22 per cent sctive alall
(as K20 and baced ugon tha dry wood weight), cooking from two to six
hours at e maximum temperature of 105 to 180° €., with 2 liquor-to=waood

ratio botween 3:1 and 5:1, Sulfidities W‘Zg%!mm (a1l ae Huzo»
in modern kraft rills rre apzproxirmstely 25 per cent, althousir the o timum
volue is gorewhat higher., A ty ic-l cooking ligquor anelysie, trenelsted
{nto malarlilea. ~{van = solution 1,3 molar in sodium hyéroxide, 0.25

molar in sodiun svlifife, and 0.13 molar in sodiur carbonate, althow-h

thers is a wide range of weriation in the industry -oth sbove snd delow

these valuese,

As i® the case with =many of our moderh indusirial developments,
the technolopy of suvlfate pulpine has far outetripped ite theoreticsl
bactsround, Althourh the urocess 1s rore then eixty years old and the
annual production of sulfate pulp in the Inited Etates ie nov well over
four =illion tons, the chemicel resctions by which thig pulp 1s produced

from wood are only vaguely defined,

The heterogensity of the remctions 4is one of the greatest
obetacles praeventine their exsct definition., “nother, loas cvident factor
is the lack of :nforration as to the stnte of the simple inorganic com-

pounds 4in the ligror vnder the concitions of reaction. Before etten.ting
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to decide how there corpounds react with the wood, it wounld seer necessary
to know, for ecxample, whether they :re recctins as unijydrolysed compounds,
partislly hydrolysed compounds, or completely hydrolysed compounds £nd,

1 partially hydrolyzed, to now (at least apyroximately) the position of

the nydrolytic equilibdria,

The puryose of this thesis was to invertirate these hydrolytic
equilibria for the more im ortant compounds undergoing partiel hydrolysis
in & svlfate cooking liquor, Sodium sulfide, sodivm carbonate, sodium
rcetate, snd the sodium sslts of a few of the hisher orge-ic acids misht
be of intearest in this respect, This investigation was concentrated
upon sodivm sulfide, with some work beins done on sodiuvm carbonate, Deta
were obtained on sodivm sulfide et terueratvres as hirh as 165° C,,

whereas the work on sodium carbonste was linited to room teryerature,

Pinally, it wae the object of this thesis to combine the infore
mation obtzined on hydrolytic equilibrivm conditions with s critical
examinntion of existing svlfate puipink theory ~nd, thue, to formulate as
complete a picture se ;orgible of the r-actions tsking ulace in a gulfate

diﬂﬂﬂtero
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HISTORICAL HEVIRY

SULFATY PULPING

The amount of wood pulp croduced annuslly by the sulfate, or
kraft, procsss has siown a rapid increase since Dahl (U, 8. patent
296,936 (1884)) sugrested the use of sodivm evlfate es the meke~up
chamlchl for alkaline pulping, In the United ftates, 4,588,016 tonr of
gulfate pulp wers produced durin: 1946 (1), snd the process is mow by

far the ost important of the juliing processes from & tonnage ztand; oint,

In the sulfzte process, the wood ie caoked in a liquor con-~
toiring sodium hydroxide and sodiw s1u1fide as the active chemicals in a
retie of Tourhly 2t1 ae will be dimscussed later, The sodium sulfide ie
formed by the reduction of sodium g-1f~te with carbon in the chenical
recovery operation, Hodees (2) gives the followiny tydeal enslyses for

undiluted eaokirg liguor (white liquor) in seversl kraft uillst

Crams per liter

A B 3
xaaoo3 19 17 19
¥a 8 26 22 W
NaOH n 7 68
Saasoh 1.7 2 1.7
"‘zsa"} 2.5 2.5 6.2
112803 : 6.0 0.24 1.1

There are mills using wiiite liguore with concentrstions conriicrably

hi-her than these,
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Some of the terms commonly used in connection with s 1fate

pulpine are defined below.

2O.

Green 1iguor: the terr for the liquor (before it has dsen
caueticized) mede by dissolving the recovered chemicsle in wrter and
wveak liguvor, ‘

Total chemicrl: 211 sodium srlts expressed ce Ha

Total glksli: NaOH + Na,S + Na 003 + xaasou. all ex.resred

2 2
as Baéo.
fetive allkeli: ¥aOH + xuas. expregsed o8 Raéo.
Total titrrtzble alali: NeOR ¢ Na_ 8 + Na_00,, all exyressed
a8 Na 0 ' 2 273
00

Liquor ratio: the totsl weirht of liquor and diluent put
into the Algester Alvided by the dry welrht of the wood chips,

Sulfidity: Na 5, exyressed ee Na O, divided by total titrag-
able nliall, the result g&nressed.as rer cent,

3

Kress ~rd I'cGregor (3) shoved thst = £ 1fi7ity of 33 .er cent
gave o timum resvlts for screened yleld and pernangansic nurbsy, elthough
Bray, Martin, and Schwartz (1) strted that the svlfidity could be in-
crasged slrost indefinitely, as lons ss the totsl sodium Lydroxide
concentrrtion (that nided ;lus that formed b hydrolysis of sodinm euvl-
f1de) was kept above s certzin minimum. Jhey arsured com lete hydrolysis
of the rodium £91fide, Hanson (5) sugsorted Rray 'nd his co-workers with
his findinge, which indiceted that optimun sulfidity incressed as the
ratio of nctive chemical to wood was ineressed. Mitchell and Yorston
(6) velisved that ell the sofiu~ hyiroxide in p kraft cnok ccvld be
replsced dy sodium rulfice 1€ rmourh sodiur sulfide was furniehed to keep

the ligor alksline shroushout tha eook,

The 33 ner cent firure ~iven by kress and Mcliresor is the

optimum for the mctive chemicsl ratios uvsed in comrereisl crectice, In
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the early days of sulfate pulping, it h= cened that the arount of
moke-up chemical required in the recovery rocese wag such that the
sulfidity was maintained nesr this vzlue, !ith more efficlent modern
recovery practice, however, the sulfidity has dropped to about 25 per
cent or less, and the ;lping quslity of the liguor has dropped ~ith i%,
The drop is not & serious onme, fortunately, althovrh it is of sufficient
im.ortance to cause nany rodern iille to ex.eriment with various nmeti.ods

for raising tha s-1fidity without increasins the inventory of sodiun snaltis,

Fiter creke (nansou) has heen added in the furnace, Sulfur or
sulfur dioxide has been rdded tn the blach iiquor Yefore burming, and
the vee of #:1fur turovegh the blow pijes of the Tomlinson recovery
furnace hae bean reco:mended, The use of gypsum in the furnace is
snother method that h-e received considerstion, Savell (7) claims thst
a sodium csrbonatansnlfu: mixtire, formed by melting evlfur with the
carbonnte, is a comclete subatitute for ordinary salt cake as a make-\p
chemicsl, ¥rsy and Sinrer (8) sugrested the use of by-produvct sodium
g1fite ag 2 rinke-up chemicel »nd, 2leo, the ;ossibility of diluting
kraft coorins linuor with spent, reutral sulfite, semicherical 1ijuor,
Their resvlts heve indicated that hoth eodium sulfite 2nd sodivm thio-
grlfate are active  mlping agents when sed with gnﬁiy@ hydroxide to

re;lrce part or all of the venal sodium sulfide.

In nddition %o ite mors evident affmcts om the cooking procese,
the e-1f14ity influences the degree of com:letion of the caueticisin~
resction in the recovery rocess,

Na00, + Ca(OB)2 Z— Cal0, + 2 Na0H

3 3
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According to Hodges (g). inereased sulfidity sives increased sodium
hydroxide from the hydrolysis of sulfirde and thus 1imits the sompleteness
of the causticising during the time that the slurry of sodium carbonate
and caleium hydroxide is retained in the causticlsing agitators, In

the Torr recausticiger this period is about an hour at a terperature of

g5 so 0° C.

The chemical reastions that occur during sulfate pLulping are
04411 largely unknown, Hisey (2) staved that these reactions haw a
heterogeneous nature and that both carbohydrates and lignin decorpose in
the presence of alkali at elevated te peratuires, ¥lason was one of the
school wilch believe that the so-called protective effect of sodium
gplfide sn the fiber is a result of the fzct that the sodium sulfide

bec-res aveilsble ae allali only in the amount that caustic is consuned,

This theory, that the sodivm svlfide acts larrely a8 a recer~
volr of sodium hydroxids to jermit a sufficient degree of sulning to De
ageomplished withouvt the vse of high iniilal 8l slinigy, wes investigated
in some wor carried out ynder the dirsction of Xoon (1) 2t The Institute
of ©aver Chemistry, Koon stated that the dissoeiation constants of
hydrosen sulfide and carbonle acid were of the same order dut that,
vhen sodiim sulfide was re laced with increaeing amounts of sodium car-
ﬁonata in a series of raft cooks on loblolly pire, the juliing actlon
decreassd to the point of rcarcely defidering the wood when only sodium
hydroxide and sodivm carbonate were present, Substantistion of the poor
sulping sction of sodinm carbenate is found in the work of Aronovsky

(11), who concluded that thie cowsonnd ie pot a true pul.ing sgent and
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1y inert as far as delignificstion is concerned, On the other heng,
Jayme, Wegenbach, sand Teloff (;gﬂ. in sulfate cooks on Turopean dbeech,
credited » certain derree of reactivity to emsll amonnts of sodium

carbonste present in the liguor because of incomslete recausticixing,

Hodzes (2) stated that, in the presence of proyer initial
concentrations, the attnck of anlfate liquor on cellulose was inhibited
to a large extent by the reduced concentration of sodium hydroxide, the
buffer action of the sodium-lienin complex, and the reducing action of
s0dium s11f4de, The extent of bhuffer sction in a highly alkaline cosking
1iqror would seem to be very limited, however, Hanson (5) attrivvied
the pulping action of sodium sulfide to » uractically complete hydrolysis
to hydrosulfide and the introduction of sulfur srors into the lignin
by the sction of this compound, thus increasings the aeidity of the lisnim
and renderins it more soluble in 2lkali, Hangon algo atzted that wood
could be pulped with mndium hydroenlfice alone drt, in subsequent
experiments, Duchanen and ¥oon {13), in an attempt to duplicate this
work, found that carsfully prepared and anslysed sodim hydrosulfide had
no puining actvion, They concluded that the hydrosuifide used by Hanson
was 2otunlly largsly sodium swlfide, Hossfeld, Gort;er, and ¥aufert
(14) gave firther evidence in supiort of $7is conclusion, Aleochol-
henzene sextracted as-en savdust was not pulped when corked with agueous
gnluticns of pure sodium hydrosulfide; the ;resencs of sodium svifide,
howevar, even in small amounte, resulted in good ;dpinc action, These
suthors proposed that lipnin may be cresent in wood as a labile complex
of monomeric rnits, and that sodium hydron:lfide from the hydrolysia of

ssdium cvlfide breaks down t is urimary lipnin com.lex to rive svlfure
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cont~ining oils wiieh are immedimtely foluble ir the allkaline liquor,
These oils sre solymerised by the excess alksli at high temperatures to

zive lipnin as 4t appears in the blaek liguor,

Bray, Hartin, and Schwartr (i) aseumed that the hydrolysie
of sodivm sulfide to hydrosulfide is complete in a sulfate ococking
liquor, Their results, from experiments in which the sodium hydroxide
eoncentration (includines thet from the assumed, complete hydrolysis of
godium sulfide) was held at 20 yper cent and the svlfidity vgrioé from
0 to 100 per cent, indicated that sodinm s.1flde had a specifiec pulying
sction in sdiitfon %o ite coniribution of alkall throush hydrolysis,
Bixler (15) found, from a series of wicrodipestions of myrucevood
sections followed by micromcopic examination, that both sulfate and
poda liquors had & selective mction, re:cting with the highly ligni-
fied intercellular reterisl before having any noticeable actlion on the
s1i-htly-lignified secondary well, This was not the cese in s sulfite
cook, where the ligvor acted simultezmeovely on the lieneovs inter-
cellular meterisl snd the secondary fiber wall., 3Bixler stated further
that the delayed action of the liguer ~n» the small amoint of lipnin
present with the earbohydrates in the gecsniary well is ;robably the
reason Tor the difficulty in removing the last two per cent of lignin ia

an alkeline cook,

According to Brauns (16), the lipnin in sulfate blach liquor
18 preeijitsted, together with some hamicelluloses, when the liquor $=
acidified with mineral scids, The li-nin, ~ftar purification,is obtained‘
as a 11sht brown powler, coneisting of a rixture of thioligrin and

alkali 1ienin, Although the exact nebhanism of the reaction between
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sodivn sulfide snd lirnin 1s not yet known, Frauna stated thei there
18 little doubt that a merea.to rrovp 48 fermed in the lignin molscule

as s result of the .artial hy@rolynis of sodium sulfide to hydrosulfide,

Ahlm (1]) investizated the thiolienin odtained by cooking
black suruce with sodfum & 1fide, This thinlirnin contained 3.7 per
cent sulfur, or one sulfur prou; zer lignin buildins unit (molecular
weirht of 8UD), Metuylation with methansl anc hydrochloric ecid gave
one new met oxyl sroup, wherear methylation with diasonethzne gave
threa new matioxyls ver Wilding unit, The thiolirnin slse formed &
mercury aa)t., From this evidence, it is _ostulated that sodiur hydro-
grlfide Trrmed by hydrolysis reacte with a errdon;l grouv: in the lirmin
to form m labile merca;to group =nd a hydroxyl group, giving three
spav.e per building unit espable of Torming godinm s-1%s (one werezuto
snd two hydroxyl rroupe)., The yresence of the s:1fur in the structure
increases the alkali golubility of the 1irmin, The formation of the
mercapts rroup allegedly oecurs ascordins to the following reaction:

OX

C=0 + HS¥a —> (
S¥a

Hanson (), sulping with vhat was actually a scdivm eulfide~

roddum sydroevlfide mixture, introduced s meximum of ten jer cent of

svlfur, or three rroups per ligsnin duilding wnit,

Eﬁgglund.(lg), in a recent work -n thiclisnin in sulfate
cookinr, rives a very interesting theory of the role of sulfur, He

stotes that, at the beginmming of the ccok, the wood $skes up large
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smounts of gulfur which can be largely s;1it off with hydrochloric aecid,
is the cook progresses, carbohydrater also take up sulfur, Ten per cent
of the l1isnin poes into solution below 100° C., but the rspid dissolution
of the 1ignin decresses when the lisnin content drops to 25 per cent of
the origineal lipnin, The lignin in the middle lamella is attacked last
and thus has » chance to condense and become less soludble during the
cook, H:gglund proposes this ss the reason for the slow solution of
1irnin towsrd the end of s sulfste cook. The hydrosulfide group is
pursorted to act on the lignin by solitting a very lablle oxysen hridre
or by nddition to a double bond, si~ilar to the bdehavior of the s:lfonie

acld prov;. in s avlfite cook.

Arrhenius (19), working with the data of Bruun, determined
the relative rates of solution of cellulose zund "incrustants® in sodlum
hydroxide vmder varying conditione of temperature, He found that the
rat&o of the rate of solntion of "incrustanta® to thet of cellulose
vdgcrassed with rising temperatire, Values ab 160° ¢. and‘170° C. vere
12,5 and 8.7, respectively, The "inoruetants® were found to dicgolve in
podinm enifids at about the same rate as ir sodium hydroxide, but the

rate of solution of cellulose wan -re:stly Aim nished,

Hodpes (2) has divided the svlf:te eanking cycle into thres
partes (1) the penetrsation =nd vressure-raising period, (2) the £v1l-
pressure pericd, mnd (3) the gassing-dcwn period, Most of the chemiesl
resctions sre yrectically com lete at the end of tho first veriod; in
fast, some mills cook without ~ fulleyreseure period, F*ccording %o

Hodpee, during this firset period air is reroved from the dipestor, the
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liquor penetratee the chips, and the volatile oils distill with the eteem,
The nore soluble e¢srbohydrates sore att--ted to a greater extent t:an the
ligning under these conditions, Somewhere between & Tesrure of L) and
60 vounds ;er squere inch (1312 C, end 145° 0,), mercaptans snd svlfides
bepdn to form, It is apparently in thia reglon that the s-1fur combines
with the lignin and increases ite sclubility in »21l'-ali, thue brin~ing
about a rapid incresse in the rate of delignificstion end in the ratio of
lignin to carbohnydrates dissolved, As 2 prescure of sixty pounds .ew
square inch is approached, the evolution of noncondengsble gases bering
to tryer off, and the attack on the ¢sllulose incre:ses, This attack is
erld to be inhibited to & lerge extent Ly the reduced sodivm hydroxide
concentration, the buffer action of the sodiumelignin com.lex, and the
reducing action of sodivm svifide, Monconfensable rarer gi:ould be
reroved from the digester as formed since, through the exertion of false
pressures, they will 1§h£b$t the steear dietillstion andé cruse sone
ordinarily wvolztile reaction rroducte to remain in the'ﬂigestar. Thesge
producte eup osedly slow down the delignificetion, but ot the derra=-

detion, of cellulose,

~“oardinavisn mills obtzin s rore uniform ond stron~er 1lj by
srolonsing the .eriod at low terperatures, veing twenty minutes to an

hovr 4in the region of 28 to 700pounds ;er square inch of gage ".rrssure,

Rorlew snd Pascoe (20) disclosed eome Interestins date on
eodium hydroxide =nd eodium suifide consumption durine a millescele
¥raft coolr, Their datz indicated that, althorsrh consumption of caustic

followed = uyperbslic relationship with cooldns time tirourtout the cook,
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consumption of sodium alfife wes essentizlly confined to the first

hour,

After sixty minutes of cookine, (3 .er cent of the sodium
hydroxide and 2 cer cent of the sodium s:1fide in the white 1lig or had
been consumsd., After four liours, the consvmytion was U1 yer cent of the
godium hydroxide and 70 yer cent of the sodium #v1fide, These authors
do not be'leve thet sodium hydros:lfide exists in s lf=te black lignors

and state further that this com ovnd e¢rrnot exist at & _H \iirher then 8,3,

Mitchell snd Yorston (21) have a plied tir lews of monorolecu-
1ar reaction to the rate of Adelirmification of wood with sodium hydroxide
and with rodium sulfide. Their equatione were in fzirly rood sgrserent
with ex_svimentzl results on sodium hydroxide, erce.t for the latter
part of the direstion, They attributec ¢ is disarreement to the location
in the cell wall of the last portion of the lignin to be removed and the
consequent hindrence to ite diffusion, In experiments with sodium
sulfide at 1509 C,, 160° 0., =nd 170° C., the following equation vas
developeds

- 81y/at = K(FaS)(iy -z)

vhere Ly = amt, of lignin remsaining in the wood

& = a constant to account for the emall
amount of lisnin in the cell wall

k = 1.2 at 150° C., 2.96 at 160° C., and
5.30 at 170° €.

An unexpected direct rroportionslity of the rate of delisnification to
the godium sulfide concentration wae indicated, slthough the hydrolysis

of sodivm sulfide supposedly chanpes with concentration. The equation
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214 not apply to the ravoval of the imitial portion of the liznin, which

was much more rroid.

Although there is a concidersdle range of ap licability for
these equations, nuzerous investipotions hove shown that the rezction of
sodium hydroxide on wood is actunlly heterogeneous, snd that any
equstions based on the lawe of reaction of & definite order are .urely
en-irical, Larocque and Marse (ggy suggest that the reaction between
godium hydroxide mnd wood tekes ylsce in three steges: (1) the acid
vhennlic grovye in the lignin bring about sdsorition of the slkali at
the interface, (2) either immedietely after sdsorption or after a certain
amonnt of time, chevical combination tokes ;lzce betveen the lienin snd
the adsorbed s #1l%, snd (3) a chemical hydrolysis and the separation of
one al alielignin complex from the lignin surfrce sn” its solution in

ths liquor occrurs,

Of the cookirg varinsbles in sulfnte uliing, sctive chemical
rrtio {sercentsge of metive alkall based on dry wood weirht) and active
chemical conceniration are the most 1m;§rtant. txperiments at The
Institute of ¥ruer Chemistry under the direction of Xoon (10) indicated
that the effects of meximm temperniure #nd time at maximum t-m.erature
are mecondary, snd are not sffeciive mesns of controlling the reaction

unless the active chemical ratio is kept sufficilently high,

It ie coxmon praciice in the gnlfate indusiry to add svb-
strntial a-ounte of black lig or to the charge of chips and white linuor
in the digestrr, Wells ~nd Arnold (23) found that dlack liguor hud a

beneficial effect ss a  reliminary impresn-nt and sugpested that this was



crused by the action of the orgenic s:lig .resent ae  ffering srants,
tine ssintaining an even distridution of active chemical, Crsndall -nd
Tnderlein (24), in » series of er erimente with constant totzl-active
che ic¢sl, found that the partisl use of blac* liquor ag & dilvent rave
increased cookine efficiency., Tue msximr efficiency (lowest erman-
ranete nrmber +md .evcentere of screenines) wss obtrined when about

60 per cant of blsc liguor by volume was used, Tnder tiese conditions,
11,1 .er cent of the total rctivs cierical wer furnished dy the black
liquor, These ruthors swrrested the oseibility that more nlikrll may
seturlly be realized from hizily innized saltes or from reardily ydrnlyzed
organic combinations under con'itions of heat snd .ressure tian is shown

to b= resent by s vlytiecl procedure,

DEIFRFIMATION 7% 757 SWTRCOTYOIC TUIITIANY U OF FOPI i TR

A hydrolytic eq ilibrium for a re solution of a salt can be
deternined if the initisl concentrztion of the salt snd the concen-
tration of -ne of the loms particiiating in the hydrolysis =zre known,
TYor exrrole, the hydrolysis of eodium evlfide can be detrrmined 1if the
initial concentrations of sodium s1.1fide and the sulfide, hydrorulfide,
or hydroxide ion are known, The vsual analyticenrl metliods sre of ro
vslue 1n determining the concentr=tion of . articipating fone, Recrurce
must be had $0 methods which .ermit the measyuremsnt of these concen-

trations without ~isturbins thn equilidrium,

Prreticslly all the methods that hove baen used for determining
hydrolysis come under one of ths followin~ clzreificetions: (1) elec-

trical ¢ nduetivity mearurements; (2) sotentinretric wessurenents
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(3) indirectly, cslevletion frou zcidic or beric icnizatlon constante

snd the iondzation wroduct for water; (L) mearurement of the distribution
of -ne yroduct of the ;artially hydrolysed salt between $vo sclvents}

(5) measurement of the catalytic e’fect of the K* or OH” lon as determined
from the rate of & catalysable reaction such az the inversion of sugar,

or the decomporition of dimsoncetic ester, diecetone sleohol, or nitroso-
amine cormuounds, and (6) specific metliods for e certain salt or ty.e of

821t,

C FIRCTRICAL GNTUCTIVITY F¥ASURR RPE

The conductometric aguroach a.: esred to be a very promising
one for this study, With relatively eimple a paratue, conductance
readinge hrve been made at ter.eratures far beyond those encountered in
g1fate pul.ing, In addition, condvctance readings lead to other
valusble data, sueh as equivalent conductances of compounds and ione at
infinite dilution, transference nurbers, s~nd solubilities of slightly

soluble srlte,

Bredie (25), 4n 1894, apulled the conductometric method to &
determination of the hydrolysis of sniline hydrochloride, The hydrolysis

wag crleulated from the equation,

x = ]'[/'L"‘:'J‘L"' .
HCl Ay
where g 18 the degree of hyérolyuis.44-tho obearved equiv-lent conductance,
J/\' the equivslent conduetance of r~niline hyirochloride with no hydroly=
sie, and/Ljgy the eq:ivalent c-niuetsnce of hydrochloric acid, /g wns

determined with N/32 aniline in solution to suppress the hydrolynis, The
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validity of t.is method 4s decendent u.on the assum.tion that the
conductivity of the base ir neglirible 25 corpared with thst of the
salt, In the cese of stronser hases than aniline, their conduotivity
ie not negliridble a8 com ared with /\ o, when thelir concentration is

lsrge, In such cpses more dilute molutions of the base muat be employed,

"The electrical conuctivity of agueous solutions,¥  ublirhed
in 1907, reyregente more tham four yesre of intensive recesrch by Noyes
snd his go-worvers (26). The work was carried out under exacting
conditions in a platinume-lined bombd with vacor baths for temperaiire
control, Conductrnce data were obtsined at terreratures as hish 2
306% ¢, for some rqueous solutione, Of specisl interest in conmection
with t s thesis ars the hydrolysis st—dier on sodium aeetete =nd
ammonium meotzte, %odium zcetate exhihite only a small desree of
hydrolysis snd the results obi=ined »t various concentrztione do not
~ive very #ool egreement when used %o ¢:lculete Xy, the {on{zation
product for witer, at a rsiven temperature, Mnch better srreement wase

obtrined for the more hirhly hydrolysed smmonium scet~te solutions,

¥nox (2]) mentioned the work of Schoeffer in a dissertation
at Leicedpr, Schaefier deterninnd the hydrolytié equilibriunm for
sodivm s 1fide at 25% ¢, Uy conductance, He arrived at a value of 9.3
per cent hydrolyzed “or 5,06 M sodium s:1fide. The velue used for the
specifie conductance of sodium hydroxide, however, differs from thes w-lue

given in Internstionsl Criticsl Tehles by alrost nine  er cent,

The datermination of condunetsnce ig an important, generzlly

#p;licadble, 7nd rs id moarurement once the eqripment is instrlled, The
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relrtionships between conductence rnd other jroperties of a solution,
such s terperst re, ypressurs, snd concentrrtion, are not exact ones

and the literzt re abounds with egquetions that liave been developed in

an offort to correlate them, The drsic relationshipe between compoeition
and confuctance in solutions are cont-ined in the classie, jartial
dissociation theory of krrhenius (28), for wezk electrolytes and the
nebyo~ﬁackol theory (29), which is appiicsble to both weal: and sirons

electrolytes,

Thess theories were derivad for very dilute solutions and
ap;ly strictly only at infirite dilution, When they are employed for
concentrated solutione, cerefil consideration muet be siven to the
various effects ariegin- from fonie and, in the cnee of wesk electrolytes,
moles lar interaction, The interaction betwsen solvent cnd solute must

aleo de e~ncidered,

rlokel aseribed the fallure of the sim;le Tebye-Huctel
eqrations at hirher concentrations to & lowering of the dielsctriec
constant in solvtion with the addition of electrolyte, whereas (nsnger
(30) delieved that the frilure 1s due rainly to a covoluse effect,

similar %o that recogniged in the (!:2) term of thc wvan der YWaal gas

sqration,

Seatchard (31), in 1336, made £ notsble eontribvtion to the
theoretical knowledre of concenirrted golutions by a deteiled extension
of the Ddbyooﬁsckel theory, He derived an ex;ression for the activity
in s esncantrated solvtion, consietins of four termet the firet is

the Limiting Debye-ﬁ&ckal term znd includes the effect of fi~ite lon
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size; 5he second, third, end fourth terms describe three sffecte

su erimcored upon =n electrostatic atiraction term, The second term is
a function of ionie radii, molal volume of the electrolyte in solution,
and rolelity; it correctrt the charge~charge intersction for the reduction
in diolectrie conetznt of ths solvent with the addition of electrolyte,
The third term sives a corrsction for the ®saltinceont® effect -ue to &
charge~solvent mnlesc.le interzction, The fourth term reprssents the

nonelectrolyte molegule~molec:le attraction,

Robinson ~nd Herned (32), in & comgrehensive review of research
on sctivity coefficlentr, advanced the followins views on concantrated
elecirolytest (1) :?. the mean distance of a . roach of the lons, csnnot
be dstermined exactly; (2) no axsct, quantitative ireatment of all the
factors involved hns been spproached; (3) thers must be a factor in the
equation for the net s orteranre re.ulsive forces botween the lons; and
(4) the structurs of llquid water molecules and their oriemtation around

ions ghould be considered,

In recent years, Grinnell Jones and his associates (33, 34, 35),
have made an sxhaustive study of the a;paratus and techniques of conducd= .
ange messurementt, Tris worlk hes res lted in such eontridbutionc as more
aceurate velues for the condvetiince of stardard potassivm ¢ loride solu=
tions (33), improved a. c. “heatstons bridse desirn (34}, =nd improved
equipment for dstection of the balence point by application of the

cathode ray csoilloscope (35).



TLRCTROEEINIC /247 RUMTEDS (pH)

The determination of hydraxyl iom coneentrstion throurh the
measurerent of yH seemed $o Vo a fearidble metiod for determining the
position of & hydrolytic equilibrium, in whish sodiuvm hydroxide = :pe-red
as one of the produets, Certain limitations as to temperaturs and very

high al! rlinity were recognized at the ountmet,

Tyoicsl hydrogsn iom concentrsiions in aqueous solution cover
the rangre from one greme-ion per liter in & normel solution of a sirong

14 1n & X solution of alkali, Sgrensen (36), in 1909,

acld to 107
suégastad.the nerative locarithm of the hydrogen 1on.activity as a
gnnvenient mesns of axrressing such concentrations, and his serle hag

core into peneral use., ZThe normel hydrogen electrose is the standard

for all pH detsrrminations, aince 21) other ecleotrode cotentials are
referred to it as gzero, Beoavse the vse of {:is electrode is lirdted

and often involves serious experimental difficulties, other electrodes,
roversible with respeet to hydrogen ions, have been developed, Xaturslly,
the differcnce between the standard elestrods jotential in each case and
that of the stendard hydrogen electrode st be included in the ex:ression

for pH. The zlres elecirode 4is the one most widely used for pE measure-

sent end was used in this thesis,

The glass electrode can he used in almost all solutions and
special eodinm-fres rlaee electrodes, such as the Beckman Type E, can
be used for yH's as hish me 13, T, Haber discoversd in 1909 that the
votential difference batwaen a r~lass surfece end a solution varied

repolarly with the pE of the latter. T:is observation is the basis of
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the rlrss slectrode, which is made from & t-in-walled buldh of low
nelting point glaes of "irh elactrieal cnnﬁncfivity. The buldb contains
a buffer solution topgesther with » 1ittle guinhydrome end a platinum
wire to serve as a connoction, The Bulb i{s imzersed in the solutinn
baing reasured and the potential difference between the vlatinum wire

znd the externnl golution is determined,
CALCULATICR FROM Kg COR Ep AND !,

The hydrnlysis of & salt can be calculoted from Ky, the
jonigation product for.wnter. and.gﬂ or E), the ecidic or bhasic ionize~
tion constant, Hydrolyeis ie related to these quantities according %o
the aquation,

heK/k or E=K/h
Dissoelation constants may be determined condvctometrically, or from
tH messuremsnte on & solution conteinings a inown amornt of the acld =nd
{te srlt with a strong base, The most accurate metlod involves electro=-

motive force measurements, and has been descrided by Harned and Owen (21).

HFASUREEVET OF THY. CATALYPIC WFFECT OF ¥W¥ FYDRCOXN OR HYDROXYL ICN

By definition, & cntalyst i= not permanently gffacted by a
resction it cat-lyzes, Severzl methods for determining hydrolysis have
bean developed, based upon a measurement of the eatalytic effect of the
hydroxvl or hydrogen ion on the inversion or decomcosition of » amall
amount of an organie material imtroduced into the solution, In these
ret-ods, a simple relationsnir existe between the magnitude of the

catalytic effect and the concentrntion of hydragen or hydroxyl 1ion,
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Ley (38), in 1899, used the rate of inversion of cene sugar
to determine the hydrolysis of sluminum c-loride at room tem.arnrtore
and at 100° C, Bredig rnd Fraenkel (33) messured the rate of decomuo=
sition of diagoacetic ester by hydrogen ions, and Koelichen (ko)
dstarmined the rete at whigh acetone was formed frim diacetone slcohol

by the catalytic effect of hydroxyl ions.

Trancls and co-wori.rs (L1, 12, L3) have male a thorough study
of the decoégsositﬁon of certrin nitrogosmines in the .resence of hydroxyl
ione and heve irojosed s method which gave good arreerant with conduce
tivity snd electrorotive force mexsure:rnte on the hydrolyeie of sodiwm
carbrnste, Their metind ‘nvolver the memmurement of the rate at whieh

nitrosen is generated from the nitrososmine,

Besdle and Bolam (4l) and MeBoin (45) a;plied the nitrosormine
metiod to the hy rolysis of sosps, Xine and Marion (L6) ada,ted the

nmethod to the determination of ionization conctants of vory weemk acids,

T PASURFATET (7 TFR SOLUBILITY OF | ERCURIC SUIFIDE

Knox (2]), im 1908, rublished s~me vory interasting work on
the hydrolyeis of spdium eulfide st room temperature, He deternmined the
hydrolysis by a metiwod based upon the folvdility of mereurie sulfide in
godium sulfide and its ingolubility in =sdim hydrosulfide, sodium
lydroxide, -nd water, The mercuric eovlfide a-perently roes into solutiom
by forminz » soluble eomlex, Tlectromotive foree measurerents indicate
that the ¢nmplex formed is ﬁazﬂzﬁz snd, thus, one mole of mercuric sule

fide rose into golution for every mole of sodium svlfide prosent in the



unhydrolyzed form,
Hg8 + Naps g::f Ha Hglo

2olubility is determined pfter grolonped mixin-~ of an excees
of marcuric svlfide with the solution in questioni the undissalved
percuric sulfide iz allowed to setile and zn aliquot of the clear

supsrnatant 113:1d 45 pipetted off =nd analyged for mercuric svlfids,
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DITREIFATTON OF HYDROLYSIC 10 ITIVRT M BY
FIRCIRTCAL CONDUCTIVITY RIHOIS

AFPPARATUS AT 250 O,

A Pyrex conduetivity cell with latinized latinum electrodes
and a elosed solution chspber, fitted with 2 ground-gless etoiner, was
vsed for the conductsnce measvremerts at 25° £, The cell hzd a volime

of about fifty ml, and a cell conetant of 0.27L5,

Before use, the electrodes were cleaned and ;latinized, They
were cleaned in 15 per cent hydrochloric ecid dy the ap .licstion of &
potentisl from three dry celle in series throush a 10,000-chm variable
resistence., The current was adjurted for s rentle evol:tion of gas at
the elactrodes »nd was reverzed every minute by wmeans of a dovhle-pole,
double-throw ewitch in the line, The current wes perritted to flow for
a total of five minutes in each direction., 411 the old platinization
was reroved from the ~lectrode surfeces by this treatment, After the
cleanesd electrodes had Yeen waried thorou-hly with fietilled wster, they
were ilsmersed in & »latiniszing eoluticn eont-ining three prams of latinum
chloride and 20 millirr me of lesd acetate yer 100 ml, Potentinl was
spplisd and the current reverzed every minute as described above, until
platinum precipitated out in the soluticn, The electrodez were washed
thorouprhly with Fistilled wnter and keut in distilled water when not in

use,.

Yor measurements nt 25° C.y, the cell was irnmersed in 2 larpe

Pyrex wrter bath, with virorrus agit-tion rovided by a Cenco varisble-
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speed stirrer, The bath wes hented by = 250-uett, Cenoo knife-t: .e
{inversion haster econtrclled by = Cenco DeKhotinsky thermo-res -lator,
A 76-mm, immersion thermometer, comprred with a thermometer calibreted
at the Wetionsl Boreaun of “tandards, was ussd to indicate the temperea-

twe of the bath, The tempersture was maintsined at 25 ¥ 0.1° ¢,

The a, ¢, Wheststone bri‘ge used in the conductsnce messursments
wrs & Model HC-) conductivity bdridre, manufectured by Incd:strial Instra-
mente, Inc, A conductivity cell filled with an slsctrolyte is not a pure
registrnce; therefore, externsl con ensers were used with the bridge to
correct the ;hase differsnce in the bdridge srrms ceaused by the cagmcitsnce
effect at the cell electrodes and, thus, to ostnin a shnr:er and more
sensitive balance roint, Fxternal warizble e-pacitsnce rangings from 10
ricromiercfarsds to 11,11 micrnfarads was incor.orrted into the dridze

cirenit,

The brlsnce pointe were 24411 not of satisfzctery sharihess
~fyer the cacacitative effects were reduced, The diffierlty wae
spparently traceable to uolsrization efects in the rore concentratsd
gsolutions of electrnlyter. When the fregiency of the »lternsting voltage
applied to the bridpe (bslancing voltege) wae chinged from 60 cycles to

1000 cvecles, & dlstinct improvement was noted,

Taye and & dovble-pole pwitch ware instzlled in the RC-l instrue
ment in that part of the tranaforrer secrndary suyzlring the delancing
voltape to the bridgze, The output terminal of & Hevlett-ackard audio
oscillator, rodel 2'0B, were c-anccted to these tr; s throush a coupling

transformer as shown in Plrure 1.
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The voltsge sunlied at the ta;es dy the audio oscillator was
mesenred with = vecuurm tuba vnlt eter 1n order to cetermine the .roper
netting of the oscillator ont ut dial to -ive three to fovr volts of
balsncing voltage, This neasvrement was made with various resistors
cornacted into the bridge st the conductivity cell terminalsi the correct

gettiny of the oscillator outi ut 4ial was recorded in each crse and a

plot was mrde for usings the externsl oscillator with the dridee,

I¢ wag found that the coupling transfnrrer between the bridge
snd the external oscillator had to de of the isclation t+.e-=i, e,, the
erimary ¢oil hxd to be isolated from the secondary, If an isolationetype
tranaformer is not used, dlstrin vad cayﬁcitance befweon the  rinery and
the gecondary yrovider »n additionsl peth to eground for 1000 cyclee in
the seconiary (Flpure 2 a), ond supears in the equivzlent cirevit ar two
distridbuted capscitances shunting the slidewire (Pigure 2 b). These
ca scitances do not eisnge 4ir value ag the elidewire ie movrd ard, thus,
impart £ruriouve effects ne the cell resistance varies, +¥ith the
igolation-ty, e tranzforner the distributed es acitrnce is eli-“nated,
and the only uath to ~round in the seconcary circult 1s throurh the slide-

wire and slider arm,

SREVIRATION OF SCLUTIONS

In conductsnce work, elaborste precautions must de taken in the
nre.eration »nd handling of the solutions to be measured, Exposure of
the solutions tn the atrosrhere was Ve t at a minime =nd, when nocessary,
was carried out under a protective airesm of nitroprn., The nitrogen wre

passed from the éas ¢’ Yinder throurh a trein cornsistine of a esleium
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chloride tube for reroval of moirture snd twvo sefcnrite tubee for removad

of carban dipride,

Condvetenca “ater

A Pyrex ctill with a %0 em, idmer column +nd grouvnd-glass

jointe throuriont was used, Distill @ wreter fron the laboratory supply
wae digtilled twice more in the “yrex still, Before the first d41stille-
tion, 2 prer of Lotaseium _erumanpenste rnd a few ml, of fivsr per cent
godiur uviroride were added to 270 rl, of weter fr'm the lmboratory supply.
Natilletion of water cortaining alkaline ;ermsnersnate frees it from or-
ranie imourities, The distillate woe treated with » few ml. of 75 per cent
chos horic ascid before the second dirtillation to remove the dissolved

grmonde,

The dtstill-te frow the phosphoric acid solutio~ had a specific

6 ohmfl cn.‘l

conénctance of 1,62 x 10 , sufficilent!y low for use in rost
of the solutions to be memrured. Yor 'se in the more dilute rolutione,
t:is water wee subjected to & tiird distillstionm in the ryrex still. The

6 ohn'l cn.'l.

Astillate then had a sorcific conductence of 1,36 x 107
The water wes gtored ir rless-sto. ered :rex bottles, Feriodic chec's

reve-l:d 14ttle 1f sny incrense in its ennrnctence,

Immediately before use, the con’uct-nce wrter was refluxed for
helf an hovy in o “yrex flae' fitted with a Fyrex conderser to ced b an
arearite tvbe, rectically mll dissolved carbsonp dioxide was removed in
this manner., As goon =g the water eto. &d boiliny, the con:enser was
reroved rnd p ti.hon asrerhly quic-ly inserted into the flask, Alr Lressure

for siphoning water from the flask was furn shed throuwh an ascarite tubde,
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Cardonate~free Sodium Hydroxide

Respent-quality sodivm hyéroxide jellets were used and, in 211
caues where it was necessary to ex:ose either the caustic or the dilution
weter to ths at os here, a stream of nitrogen was rassed over the open
vesegsl, One hundred and fifty srems of sodium hydroxids were dlssclved
in 150 ml, of refluxed conduvctance water, The sclution was filtered
througsh a fine, sintered-glass crucidle, Sodium earbonate is insoludble
in highly concentr-ted sodium hydroxide snd is re~oved by the filtration,
The filtraté was carefuvlly traneferred to & ,araffin-coated bottle and
diinted with three liters of refluxed conduetence water, glvinrg arproxi-
rmately & normal sodiur hydroxide goluticm, An arrangement wase made for
si horing directly into s microdburette, 411 the robber ato.uers were
serled with .arsffin, Potessium bi hthelata reagert (99.95% iure) was
used for standardizntién. The molutinr wre tested for carbonate _eri-
odically by filling & test tube al:-ost to the top with the rodium hydroxide,
sdding 1 ml, of 0.5 X bsrium ¢'loride, and qrickly sto. .ering the test

tube, Fo turbidity should a: ear,

Sodivm Biearbonate, Unhydrclysed

C. p. sodium bicarhonate was dried for 1-1/2 hours at 110° C.
and cooled in & fesiccator before deing weighed., The solution was mnde
up with conductance water saturated with carbon dioxide in order to
srevent sny decompozition of the biesrhonate, Bodlsender and Broull (Lg)
stated that only 0.0 .er cent of sodi-m biesrbonate Lydrelyzes in solv-
tions s-oturated with carbon dloxide. *“hen conductrnee-concentration

curves were rm on the bicarbonate, all dilntiona were made with carbon
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dioxide~-saturated water, and all ex osures of the solutions were made
vnder = protective stream cf ¢arbon dioxide rother them niirogen, which

wap vsed for all other solutions,

Sodlum Carbonate

Sodium c#rboaate resgent was hested for one-helf hour at 270~

300° C., cooled in & cesiccator for cne-half hour, mnd‘ueighéﬁ nut from

e welgshing bottle by difference, Precautions apsinst atmos neric contami-
nation muet also De teken with sodlum csrhonste solutions, According to
yellor (49), molutions of endium carbonate absorb carbon dloxide from the
atuosphere because the pertisl ressure of carbon dioride in the stros-
phere is ebout four times thet in X sodiur cerhonate, DTiluts rolutions

at low terperatures are the worst offenders, since the .artizl ;ressure

differential iz rrentest under these conditions,

Sodium Cardon-te, Unhydrolyzed

The hydrolyeis of sodium curbinste wae reduced considerabdbly by
the sddition of an equimolar amount of ¢arbonate-free rodium hydroxide to
the earbonate solution, Originslly, it wee believed that the hydrolysis
equilibrium,

Hn2003 + HOW Na3003 + Na0H,
was driven slmost completely to the left by such =n acdition, but later

experirments proved thet such wss not the case,

Sodium Hydrosnlfide, Uniydrolysed

Kormal carbnnate-free sodium hydroxide wars matur-ted with
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hydrogen sulfide by bubbling the sas throush the solution until a constemt

svlfide eontent wos obtained, Dilutione were rade with conductence water

saturated with hydrosen sulfide,

Analysis for suvlfide wae made accordings to 2 procedure dbared
upon that given by Scott (50). One hundred ml. of standard 0,1 N iodine
solution were jipetted into & 250-ml, “rlenmeyer flask and acidified
with 15 ml, of N hydroc'loric acid. Five ml, of the hydrosulfide solution
were nipetted in slowly with rood mixing, The solution was hnck-titrated
with standard 0.1 X sodium thiosulfate, one ml, of starch solution belng
added when the iodine color begsn to fade, Celculations were based upon
the premise thnt, in the presence of an excess of "ydrogen 2 1fide, rone

0f the rodium exists in the form of sodiuvm sulfide,

The tntal sodium content of the solution was checked by
Institute Methed 109, Ten ml, of the hydrosulfide solution were pi etted
into a tared platinum eveporating dish and »laced in an oven at 105° C,
for » few hours, The rrridue was moistened with water and e drop of
methyl orange was added., Concentrated sulfuric acisd wne then atdded drope
wige to the development of & bhright 1:in» c¢clor, thus converting sll
sodium to sodium sulfate, The material wns warmed gently at firrt to
remove the excess sulfuric scid 2nd waz finelly ignited quite stronely,

ennled in a desiceator, and weighed,

fodium Sulfide

Tydrogen sulfide wee hubbled rently throush U0 ml, of st-ndard

K carbonete~free sodium hydroxide in a 100-ml, volumetric flss'- for about
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one half hour, at which point the soluticn began to take on a ysllowish
tint, An expansion of n few ml, in the volume of the solution wes
evident at thie time, In order to concider thie expancion, the flnek
wat £11led to the mark with carbonste-~free distilled w- ter bafore the
golution weze snclyzed for grlfide, From the normellty of sulfide rnd
the lmown normality of uodium‘(0,9 of the oririnsl normslity), the srount
of carbonnte-~free stsndard sodiuvm hydroxide to be sidded for an exact

eqrivalency between sodiuvm znd sulfide was calculated.

Sodium Sulfide, Unhydrolysed

g in the case of scdium carbonate, sodiunm evlfide in the un-
hydralysed strte was obtzined by »dding sufficieont standard sodiwm

hydroxide to drive the hydrolytic equilibrium,

Na,8 + HON <= heHS + NaOH,

substantislly completsly to the left,

Ia eonductence work on sodium svlfide and hydrosvifide
golutiona, the solutione were mede w: immedintely defore measurement in
gach case, These smolutionz proved to be extremely sensitive to atmos-

vherie oxldation,

Analytical Solutions

¢t-ndard solutionr for seslyticsl procedures, such at lodine,
potassiuvm dichromste, hydroculoric scid, snd sodiurm thios:lfste, and
indientor solutione, sveh as chenolrhthaledn, methyl ornnge, sné nethyl

red, wers prepared zccording to Kolthoff mnd "andell (i;).
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In renninge canductznce-concentration curves on the varlous
solutions, a careful technique was required. The conduectivity cell wae
ringed thorsughly with the sclution to be memgured befors filling.
Dilution water was handled as described abeve under YConduvctence water.®
211 f£3illings and dilutions were made under & protective stream of nitrogen,

or carb-n dloxide in the case of unhydrnlysed sodium bierrbonate,

The solutions in the econductivity cell were allowed to stand
at lesst five minutes in the wrter bath to attain te:persture equilibrium
with the bath bdefore the conductence wns mezsuvred, Five minutee had been
fourd to be sufficient for water within five deprees of batli terperrsture

to reach equilibrium,

The bridre was bslanced four tires, twice from each vide of the
null point, and the average readinrs wes taken as the ¢cell recistance,
The maximum spread 5in the readings seldom exceeded one jer cent, even for

the more eoncenirnted rolutions,

T OTE OF CALC T ARICN

The various emiculptions mrde in $the course of the work can

best be described dy 1llustrations,

Deterrinztion of Cell Conetont

Cell Constsnt = Cel) Resietnnce x Specific Conductaznce

K ™ R x k
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For 0.1 N otassium cliloride the cell resistance was 21,32
ohme, Jones and Frer-ergest (32) give N.N128762 ss the specific e ndvot-

ance of 0.1 N XC1,

£ = 21,32 x 0,0128862
= 0027)45-

Neterninntion of Hgnivalent Conductrnce

A 0.2 ¥ solution of sodium hydroxide gave = cell resistance of
7.76 ohms at 25° C,
k = KR = 0,2745/7.06

. 3.89 x 12°°
fiquivalent Conductance (/) =

L x 103
Hormality

A o £9 x 10"2) x ].03

*

= 1945 at 0.2 K

Determinztion of the Tquivalent Conduct-nce at Infinite Dilution (A.)

Kohlrausch's met'od, Kohlrsusch (52) obtained /1. by extra-

uolating to zero crncemtrztion fram z ;lot of /A wvs, VC. Tor unie
bivalent electrolytes, the :lots were cloter to etraisht lines when lonie

strencthe were vsed inctend of concentrations,

Tonic strength ieg & neasure of intensgity of the electriczl fleld
cavged by the resence of ions in a solution, It egu josedly re.resents

the variation of sctivity coefficient with concentration,

s=1/2% 27

where 94 ig the molarity of the ion #i® and _24 is itz vzlence,
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Shedlovsky's metiwd, The tinsﬁger equation (}g) hes been

rndified to make it a, plicsble vp to 0.1 N for etrong uni-univelent
eslectrolyter, “nedlove'y (52) made this modifiertion of the (nsagper

Theory by the addition of a "RC® term, ~ivins the equation
AN+ 2078 [[1 -%VE] - B,
where B s a constant for esch elecirolyte and C is the equivalent

concantration, x:andz? are ccnstants for a riven golvent at a given

temserature, For water at 250 C., (= 0,2274 and/ = 59.79.

Mo obtain A, [ 247C + A/ [1 «<VE J=/, 18 plotted < ained
C. The sloge of the line otrined iz B >nd the intercept at C = O is
A

feld

“hen the ¢:lculation is made ior strong uni-bivalent electirolytes,

jonie strength is used instead of concentrstion,

Calcrlation of Derree of Tydrolyeis from Conductrnee lata

Bredig's metiod, Applyins the general rethod of fAredig (%)

to the hydrolyeis of =odium carhonate,

¥a,(05 + HOE T HaHCO; + HaOH (1)

[Aﬂ'ng(pg -AE:ZOOB(\mhyd. 3 x 100
? RaOH + ./21 HaBCO3(unhyd.) -ANayC03(unhyd.)

(2)

Percentoge of rnydrolysis =

The chemical metinds for obteining yaaoos (unhydrolyzed) were

riven on page 32, The calovlation agzin assumes Xohlrausch's laws for

additivity of eonductsnces, For the =olirtion of earbonste and rydroxide,

k- 5?32003 (unhyd,) * Exe0m

k= (iA)Naz(iO}(\:hi'xyd.) ¥ (!'A)lwﬂ
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Afor Ka0H is apsin tolen from the /) wa, concentration curve
at the totel iomic strencth of the solutitm. From ky (as measured) rnd
the rown norrelities of carbonete ~nd hyfroxide, A g.ZCOB(unhydroly,ﬁd)

iz erlevlsted,

By anslory, for the case of sodinm snlfide, Eguation (2)

becores

[A¥ass - AFeps(unhyda.)]  x 100 -
AJ2 oK + A[2 BaBS(unhyd,) - ANasS(untyd, y '

Percent=~e of hrdrolysie =

eince Fe S + HOH Z NaHY + NaOH,

Schreffer's method, The method of “chaeffer is most easily

described througsh #n examples
apecific conductrnee 0.05717 N BeOR = 11,61 x 1070 .A "L

specific conductonce 0,05917 X BeHS = 5,50 x 10 At
(Ha“ in evcerns to urevent hyérolysis)

specific conductznce of a mixtvre 0,05917 N 4n each
- 16,14 x 10472
“chreffer rssevmed that the concuctsnce of unhydrolysed sodi m sulficde
would be e uroximntely the mame ce that of sodium hydrosulfide and set up
the followins egustion,
16.44 = x(11,61 + 5,50) + (1-x)5.50

x = 9.3 .er cent hydrolyzed

DETYRMINATION OF HYIRGLYTIC YQRUILIBRIUM BY
KLELTRLLRTRIC MuASTREMENDS (pH)

APPARATUS AT 25° ¢,

Measuremente of ,H were m-de with 2 RBecran pH meter, llodel G.
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The Bec'rnn True ™ lass electrode, ¢ trlo~ve nn, 1150-F, wess used, This
electrode is recormended for solvtions of nhirh alkrlinity. The "sodium
error,? choractrristic of slase electroscs in aplutione of high sodium
fon concentrrtion, is reducrd to 8 very snall velue when the Type ®
electrode is used, A correction chart for tiie error is furnished with
the electrode. The meter was stendardized zt .7 11.62 with = éisodium
hydroren :hos: hete-rodium hydroxide-sodiun ciiloride buffer, the ure.ars-
tion of wiich is ~iven by Bater (jl4). Before ure, the Tyye % electrode
was allowed to st=nc for seversl hours in & solution of pH 10, The
solution to be meesured and the electrodes were contained in a closed
vessel under an atmoeihere of nitroren, The vesgel wes inserted in the

game wrtor bath vsed for the condustance meaturenents,

PRIVARTTILY OF SOLUTIONS

Solutions for the reenuvrements were ,repsred os descrided in

the section e¢-necer-ine electriesl concdvctivity nethods,

COLOTLAPICY GF DEAREE OF HYDRUIYNIS FROM pH 1TACURTMEND”
uaco; + HOHE > NeHCOy + o)

[ ¥aHCO3] [OH)
[EQ(D}- J

[or")? 2
Te-wT = Ay

since [0B=] = ho, where h ie the derveo of hydrolysis and ¢ 18 the

Ehydrolyais e

cncertrstion of sodium carbonate.
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These equations are strictly true only 1f the szctivities rsther

than the e-ncentrations are veed for both [0R"] end [

In order to c-lcvlate By e (activity of the hydroxyl ion) from
vH, 5'. the ilonisation ;roduct of water st the concentration of the
solvtion meacured, must be Jmown, At 25° c. K, = 1008 = 10’1u for jure
water,

= fomg mon
1

4!’1 4?8

= Y2 x 1,008 x 10
v

where  m; = concentretion of hydcosen lon in vre w-ter, and

Bew ® coneentrntion of hydroxyl ion in yvre wnier,

VYalues for Xs , the lonic retivity coefficient . roduct, are not
available for either sodium s»lfide or =odium carbenste eclutions., Harned
(23), hovev r, fives 53 values for zn:eo e soteseiuvm chloride goluticne
at 25° ¢, Values from these data at the lonic strenrth of the soivtion
massured were vsed, Activity dat- for sodium erlfide are given at t.is
terperature in the same reference, Since datr for eodium carb:inzte were
not avrilable, the dats civen for sodium srlfate were used for {,is

calerliation,

As an 1llustrrtion of the ecalevistion, O,k M sodiue carbonste

had a pH of 11,42 at 25° O,

«12
St = 3.80x10
¥2 x 1,008 x 2073
op = KJegt - 3.80 x 10-12
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From the d-tr for _otaseiun chloride, at an fonic stirensth of

1.2 (g‘ = 39). Xs = O.GBOO

0,620 x 1,007 T

3.80 x 16,.-12

= 1,646 x 10"3.

C A

o
¥or 0.4 M rodium eulfate and godium cord nete,

¥ Nan00 ' Bass0 0,20
& 4 3 825 b = 295 = 0,35
XW’"} ¥ Ka " Ukor? 172~ 6.0810172 0. 538

Y Ne S0y, for a O,L ¥ solution 48 G.295. For a solution of lonie

gtrensth of 1.2, ?fzqr.an 1s 0.681,

Y(g) = 0.356 x 0.4 = 0,1432

¥ow, if activities nre !ncluded in squstion (1),

o). B o (Cor)’
Y (ed- 8 1 =B O 1an " (rlel-ag)vle]
2 -3y2
b (1,646 x 10™) v.357 x 107%,

anodiilomssne 3y : =
1«h (0.1532 - 0,0016).1L32

B = 1,15 x 1077,

Hydrclysis = 1,15 per cent,

CAICTLATION OF THE DEGRER OF "YOROLYCIS TROK THE SXECUKD
IORIZATTON CONSDAT OF U ACID OF THE SALT
The indirect determination of the bydrolytic equilihrium in
demonstrated below, The gh = K 5‘ relationship ie used to crlevlate the

depree of hydrolyeis of 0,394 K rodiun erlfide at 25° C,
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Yor the rezctions,

(1) B8 &> BS™ + K

(2) 8™ = B* + 87

. ms) @) . _EH (s,
! @) ed K (Hs")

Tor the hydrolysis reaction,
lla.zs + HOH ¥___> NoOH + NeHS

(¥aGH) (NaHS) . (oB=) (85~)

- ) &)
(B (OE)(EST) . ¢ /x
(g*)(s™) '1/-2
542 52
-x-h = g"l!e = &"2 ln’ )

b’l = activity coefficient for the tnivalent ion, and
Yo = activity coefficlent for the bivslent lon.

Accordi g to the Debye-Huckel equation for calculating activi-

ties {n ¢ilute solutions,

"log ()fl = .A.Eia VE

vhere 0’y = activity coeff, for ion LTLN
f_, = a c'nstant,

0" vzlence of lon 4%, rnd

s = jonic mtrencsth in solution,

From t:ie equation it is avi‘ent thot the activity coefficient
of the bivalent ion is equsl to the fourth power of that for the uni-
yalent isn. Data from Robineon snd Harned (}_g_) for J HsS™ vere used for

the calculation
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bzl = ‘azﬁ_aa-)ﬁca X;_. = ((yxas-)o.s

52 values for hydrogen s 1fide are qvite scarce in the litera-

ture. Koltnoff -nd Sandell (51) liet 1.2 x 10719 at ° c,

Thus for 0,394 M rodium sulfide,
Y ag= = 0.8W7 Yy o= (0.6:0%% = o.a7

Yo = 0.647)%*% = 0,706

2 2
a/l(ﬁ)h
= MRt Fa

. Ivig . 1.?@55_:510“11‘ x 0,706
-2 K@ 1.2 x 10707 x (0.917)2  x 0,394
= 0.18
h « 0.35

Fydrolysis = 35 jper cent

DRTSRCINATION OF WYTROIYTIC vQi TLIBRULM WY THE EERCURIC
STTFIDE SCLUBILITY ¥®P OD GF LFOX

AFTERAMS AT 25° C,

For the work at 25° C., & Dorrco Flocevlator, manufactured by
the Yorr Co., Ine., was rdn.ted to fit a lrrpe ryrex bath, Four 60-aml.
provnd-glags rSo;pered Fyrex hottles contsining the solutions under
investipation snd an excegs of mercrric svlfide, were fantened to the
paddles with heavy rubber brnds and rot-~ted in the bath at about five

r.p.m, Twenty-four houre of mixing were found to be sufficient for
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reaching equilibrium. The botiles ~ere then removed from the aritstor
and allowed to stand in the water bzth for at least an hour for settling
of the sxcess mercuric sulfide. A ten-ml., portion of the clear super-

natant 1'quid wae then removed for analysiws,

APFARAITY POR HIGHeTENPTRATRE HYDROLYSIS TRTERYINATICNS

Yor the dstermination of the sosition of the sodium sulfide
hydrolysis at sulfate cooking te peratuvres, equipment was deeipned snd
constructed to permit an investigation of the mercuric s 1ficde method at

elevated terperat res, The s parstus in its finel form 4s shown in

Fipure 3.

High terperature solubility determinatione wers carried out in
gerled tibes (A in Pirure 3) beri st the center to an snrle of abont 130
degrees, The tubes, about balf filled with the solution under investi-
eation smd an exceng of mercuric gulfide, were rotnted end-over-enc at
ahout ten r,p.m, for 24 hours 47 =n oven at 165° C,, #7ter which the
excess mercyric sulfide was sllow-d tc gettle at one and of the tube,
After settling was comzlete, the rlisht bend in the center permitted the
dscantation of some of the clear supernstent 1iqrid, The tube wan then
sllowed to cool ~n< the sap-rrted eicernatant liquid was romoved at room
terperature, An ziiquot of this liguid was annlyzed for mercuric a—lfide
as in the care of the low te.perature spclication of the met od, ¥Firure
4 ghove cross sectional views of a tube in the *settling® snd *deczntin«®
pogitions, and indicster the method for isolstlon of & srmple of the

gupernztant liauid in the risht-hrmd end of the tivde by dec-ntation,
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Figure 3

Apparatus for High Temperature Hydrolysis Determinations

A Stainless steel tube F AC-DC relay
B Blower motor G Removable cradle
C Blower motor speed H Trough

control
I Steel cliy
D Strip heater
Jd Counterbalance
E Thermo-regulator
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Figure 4

Cross Section--Stainless Steel Tubes for
High Tempersture Hydrolysis Determination

/( )
4 \’(____V -¢—— Hydrogen

s
] Glass wool
=
[ B )
= = ==7
Figure 5

Apparatus for Filtration at 100° C,
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4 Theleco TOO-watt owen, men factured by the ¥re:g "ectric
Frornace Co., Irvington, ¥, J,, wes wodified for the . ryoses of this
invertigstion, & blower syatem was intt-lled, consisting of a 2-1/2-inch
blowor (B snd C), end 2-1/2-inch co. er tubine lepred with asbestos, The
syster vas arranged to take air fror the top of the oven »nd blow it bhaek
in alony the hottom, An auxiliary 150-watt stri, teater (D) wes inst-lled
on the oven floor, Temperature control witiin 0.5° C. at 165° ¢, was
maintsined by means of a Cenco-le¥hctinsky thermoeres lator (%) and an
AC«DC relay (®) in srries with the main henting element of tho oven., The
t.srmometer veed war comuared with a therrometer cslibrated st the Buresu

of S¢trndards,

4 removadle eraile (1) wag e-netructed for rotation of the
tubes. I'ie device coneirted of five trovshe (i), made of 1/2-inch
confuit, brazed to & 5/1lO=inch stesl shaft, The tubes wers held in the
troucrhs by thin steel cliye (I)., The ch-f% v tated in tleeve-ty e brass
bearingr and was cou.led throurh = reduction gear (551:1) to 2 small
motor mounted to the iaok of the cven, Tow-Corning stoo-cock ~re-se
(= ailicone nreparation) wae found to bBe a feirly good bearine 1:hricant
at 1659 C, % 500-ohm, 0.3l-=mpers actenticreter in series with the moior
#ave control of the e.eed of the ratation, An 2djustsble cornterbrlsnce
(J) was draged onto the ghaft in order to .rowise a more balanced load

for the motor,

The shaft wos waried where it extended out of the cver at the
rear, mo that rotation cruld be sto.ped with the tudes in "sattline®
vositicn snd In "decantins® cosition after rettling was com;lete, withaout

opening the oven,
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The tubas were first mnde from heavy-wall Pyrex tubing (19 x
25 mm.). Several explomions resulted when these tubes were -eated to
165© ¢, Tvidently elicht strains were set up in the glass during the
bending o eration, After an explosion that &~mrged the oven severely,

the iden of using glass tubes was sdrndoned,

Stalnless stesl tubes were developed for the determination,
The t bes were mede from 3/U-inch etzinless steel tubing, They were
bent at red heat, The end ;leces ware rade from st-inless steel of
3/g=inch thickness. (ne end ;iece was drilled snd ta,ped for 2 j/f-inch
;lug, Thase tubes were terted hydrostatierlly for leaks et 300 pounds
6T squ-re inch before :se, The ends were 7irst welded tc the t:bes
with = stzinless steel rod snd an electric are., It was discovered,
howaver, that weldirg brousht about re;4d oxidation of the stainless
steel with the develo;ment of zinholeg, Xfforts to weld over these
pinholes resulted in the develoument of others in grester number,
S1lver-goldsringe of the end deces with 2n oxyacetylene torch and a
1iberal a ylication of flux croved to be the sznsver to the ;robdlem,

piving =  ressure~tirsht union,

%ase of removal was a very im-ortsnt consideration in the
design of the -lugs and the seclection of gasket material for them, After
some of the supsrnatant liquid in one end of the tube wes separated by
deesntation, it wss very im.ortant that nene of the material from the
other end of the tvba shonld de mixed with {t, Thus, delicate handling

of the tubes wns required,



\ Various meterials--co,., er, lead, asbestos, Xeoprene, eilicone
rriber, snd ten-mm, 8 orkplus srsketg--were tried o8 raskels by wezsuring
the amo nt of water in the tube before and sfter twenty-four horrs =t
165° ¢, TNow-Corning silicone rubber of 5/6i-inch talckness wse found to
corbine the rdvantrres of cnmlete retention of the teet solution,
inertnese, #nd ezse of plug reroval, The resiliency of the m-terial

nrée cossidble & erfect sesl without exceerive tirhtening of the .lugs,

SETEIAL APPARATIE AT 100° €.

A e.ecisrl lece of &, srntue, siown in Firure 5, wvas constracted
to cermit a checl on the com:leteness of settling of the axcess rercuvrie
enlfide at clevated terperature-, The ajpsratus was srranged so that the
g rernatant 11q:3d from e hydralyeis determination ¢ould be forced
through an acbestos mat and a sintered-glass diek in = filter stice’ by
hydrogen “resrsure, while the entire system was held In 2 boiling water
beth, In tnis renner, com lete removal of excess mercuric s:lfide was
ingured, The filtered, supernatrnt liquid was collected under & jro-

tective etream of nitroger to minirize atros-heric oxldation,

PRYFARAPICY OF FOATITUNDS

Solvtions for the measurer-nts were ,re_ared as dezcridod in
the geetion on elesetricsl conductivity mesruremconte, Codium sulfide
solntione were used for seversl daye before beingy diseszrded, ‘“hile not
in use, they were kept under lydrogen snd near the cooling coils of a
refriperator, st 1s recom-ended by Borlew and Fescoe (20), The nercuric
evlfide used was the red o, p. ;owler of kerck and Co,, Inc. Xnox (27)

£5:md that the blaclk, legs et:ble Topn of nercuric ¢ 1fide did not form
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a true com:lex with sodiurm sulfide,

ANALYCT® OF TET YUFTREATART LIGUIN FCR DINCOIVED HERCLRIC ©LLT1ITH

Ten ml, of the clear supernatent liquid were carefully
pipetted into & 50-rd, ¥rlenmeyer flss: containing ten ml, of 6 X hydro=-
chlorie scid., The trznsfer was mede under a p¥otective stresm of
nitrogen in order to mininise atmosiheric oxidation. EHydrogen sulfide
wss then brhbled throush the solution for ten minutes %c com lete the
preci; itation, The solution wxg filtared throurh = weighed Pyrex "fine®
pintersd-glass crucible to which zn asbertos mat hed been sdded, The
preci.itate was washed with 30 ml, of 5 per cert ethyl algobol, followed
by an equrl amount of carbon disulfide, The erucibles were dried for at

leact two hours at 110% C,, eooled in = desiccator for tuirty minutes,

and weighed,

CITCULATION OF 757 PR~ ® CF HYDROLYSIS 7ROk ERRCTFIC LT IVR SOLUBTIINY

The method of calenlation is illustrsted by the following
example! 10 ml. of the supernstant lig id frow a solutinm 0.25 ¥ in
rodium sulfide and 0,25 K in sodlum hydroxide, sfter 24 hovres' mixing
with =n excess of mercuric evlfide, c-nt-i~ed 0,1173 g. of dissolved

nercuric rulfide.

molarity He8 wi x 1000
in ¢olution : 10

L
S
Nl

| od
~d

Lo

g

P



Tn the cresence of a larre excess of HeS,

HeS + Na,8 —> HegBeSj ,
molarity HgS = molarity Nazﬂ £s Na S

- M¥a 3 e 0,050k

_ 0.050h x 100
0.5

Hydrolysis = 100
of llazs

= 79.8 per cent,

CALCILAPION OF TH® T XD/RD ¥RROR FCR MRRC RIC SULFINS KYDROTYSIS
DEPERINAPIONS

The stsndard error for the hydrolysis determinations at 25° C,,

at 110° C., and at 165% C. was caleulated from the standard error equatiom,

2 1 (rsx(z0%
2T 5o

-y

where §_ is the standard error, n is the number of measuremente on a
solution of a riven cormosition, and x is the value of an individual

measurement, A weighted average standard error wag caleulated for all
(nz xz-(Zx 2)
n

-

massurements at a riven temperature b- summing the terme

and multiplyings by the rum of the L-;:-_Lrl terms,

AFALYSIS OF REACH LY LUT ©F. PL¥S

Black liquor samples from a mill cool- were anslysed for sodium
svilfide oné codlum hydroxide by = procedure sus-ested by Moltzeu (5_2).
Rccording to TAPPI “tanderd T 625 M, the liquor is treated with brrium
chloride and the supernmteant ligquid is titrated to pH 8,3, at wrich

point all of the hydroxide and half of the sulfide have baen neutrslized.
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¥oltzau rointed nut that, ‘n the presence of formaldehyde, scdium
sulfide 1= completely neutralized at PR £.3, Therefore, & black liguor
¢an be anrlyred for sodium hydroxide znd sodium sulfide by titration

to pE €,3 with and witiiout formsldehyde,
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ICEFRTF NTAL DATA ¥ 1Tr C1 % 108

“he hydrolysie of sodium carbonste and sodium #ulfide has heen
gtniied by eonductrnce msssurerente snd hydrogen ion concentratlon deter-
minstions at 25° C, The hydrolysis of sodium s:1fide st 259 C. and at
elevated temperatnres hrs been studied d» the s llication of thie mercuric

gnlfide £o0lubility method of ¥nox,

W RETHAPTON OF HYTRGIYNIS &Y RLECTROBWIRIC ! VAT TREIYEM (pH)
AN RY CALC TATION FRCY THR SWCOHN IOUVIZATIORN
CONOPLYD OF T ACIT OF 47 8T
Deterninztion of the pH's of sodivm carbonste, #odivm bicar-

bonate, ~nd sodium s:1fide solutions of vrricus concentratione are riven

in Tadle I. The memcuremente were nade as described on uare 38,

TABLY 1

pH vt (259 C,)

Sodium HBicarbonete Sodtum Carb-nate Sodium Sulfide
Molarity  pH Holerity H Molsrity  pR
0.005 10.33 0.005 10,87 0.01202 11,61
0.M10 10.47 0.010 10.9¢ 0.057¢8 12.59
0.020 10.49 0,n25 11.09 0.0688 12.53
0,™50 10,43 0.05%0 11,20 0.1104 12,81
0.100 10.36 MY 11.26 0,167k 12,98
0,200 10,24 0,100 11,30 0.39% 13,01
0.815 9.97 0.125 11,34

0.150 11,37
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The dctormination of hydrolysis throurh pH measurements hss a
lirited aollention, The urper limit of meszurewent ies a pH of 13, even
vhen the speeizl Dectrman Ty.e R, DBluee~point electrode for hirh #lislinie
ties is vsed. s is a;psrent from Table I, the pH of concentrated eodium
sulfide solutions 1s in this rersion before the cddition of eny sodium
bydroxide, Therefore, the rmeth@od is not a..licadble to any solution with
an allalinity a; roachine thet of 2 ru:lfate wihlte ligvor, A second
1i~itation 1is that of tenuerature, 'The u. per limit for the dlue-point
clectrode 1f 4% €. To be necurste in the ealevletion of hydrolysie from
tH, retivity dat- for the hylroxyl ilon snd for the fonic netivity

coefficient product for water must be em loyed (see ;zge U0).

The eanlculation of ydrolysis r.r the lonizstion roduct for
water an’ the seennd lonization constant of elther carbonic scid or
bydroger £ 1fide 4e only an apiroxinate metuodé, Once #raln, data on the
fonic petivity coefficlient ;rodvet for wabter and the activitlies of
severs) of the done articioating ir the nydrolytic equilibrium rre re-
arired, 1In addition, ithe second ioniszation constents of earbonic anid
end Ly roren g-1fide sre not known to an sc uracy of greater thrn ten
yver cent, The method ie not 2.5licable to mixtvres of godium carb-nate
or rodiw: sr1flde and eodius hydroxide, since the K 9‘5"15‘ relationship
ie not vrlicd under these conditiong, No calcrlations =t elsvated
terperst rer zre romrsible because of tha lee! of the reqirired sctivity

and innization édates,

Yiydrolyeis dat- on rodium carbonate, eodlum bicaris-nate, and
sodium £:1f8ide nt 25° C., &g ohteined by these metiods, ap esr in Tebles

IT1, IV, snd v,
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THE CONTUCT RCR MAIEOD GF HYPROLYSIS DETRMIVATION

The epplication of Bredig's version of the conductance method
for hydrolysis Qdetermination required equiveient conductence versus
concentration curves for the comiovnds involved in the hydrolysis, The
data obtained for thie purpose permitted czlculation of conductznces at
infinite dilution of the various compnunds for extenslon of and comperisom

with deta in the litﬁ-rafure.

FRUIVAT T COMLUCTANCTS AT THFINITE TILUDION

Bquivelent conductances st infinite dilution (A,) et 25° ¢, are
shown in Tahle II, a¢ determined by Kohlravech's method (izge 36) end dy
Shedloveky's metiod (page 37). The plote ere r~iven in Fipures 6 rnd 7.
The A, values for the anions were obtained in ench czee by subtractine the
equivalent conductance of the sodium iom at infinite dllution at 25° C,
from the /A, value of the compound, Johnston (56) givee 2 v lue of 50.9 for

gsodinm et 259 C.

PABLE I

VIUIVALENT CONTUCEANCIE (ahmn']‘ en ."Hoquivalent)
A? IEFIFITE DILUTICE (250 C.)

Xohlrausch Fethod Shedlovsky Hethod

Compounds A Compound  Asnion A, Compound AAnion
NaOH 234.6 1¢3.7 229,2 188.3
KEH.GOS 102.3 51.“ 10208 51'9
(vnhFdrolyszed)

5003 165.3 11y 160.h 109.5
1/2 Fa,003 130.9 80,0 121.7 76.8
Kol® 10b.3 53.4 106.3 56.0
(vnhydrolyzed)

1/2 vags 131.1 80.2 138.8 81.9
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It shonld be emphasiged thst the vrives for sodium crrhen=te nd soddum
g:1f4ds are cnly a parent values, fotuelly, these wv-luen are the snm of
the conductsnce= of that .ortion of the srlt that hee remaired unhydro-
lysed plus those of the producte of hydrolysis, The difference between
an actial snd an apparent value is illustr-ted in the case of eodium

dicarbonate in Table II.

Rquivalent c-n'vetrncee at §~fi~ite dilution are difficult to
f£ind in the litersturs for severrl of the comzounds licted in Table II,
Randall =nd “calione (58) enve a /1, value of 243.9 for sodlvn hydroxide
st 25° C,, wheress Darten and ¥aler (59) re.orted 2UE. These valves are
comparsble with that of 23,2 eale-lated from the dete of this thesis by
the Shedlovsky method, The Shedlovsky extension of the Onsager theory is
well recosmiged o8 t'.@ moet accurate met-0d for thes erle-latton of A,
vslues, althourh the Xohlrauseh pet. od s sim;ler and more ragid. Taylor
(60) ¢ove a vaiue of 60 ot 18° ©. for tue squivalent conductance at
infirite dilution of the carbonate fon »nd noted it as "uncertsin,”
Taylor also ;resented » v us of 13,1 for the sodium ion at 18° C. ¥hen
one conaiders that the equivalent condrctrnce »t infinite Ailution of the
sodium fon at 25° C, is 50,9 (gﬁ), the valne of 76,8 obtsined for the

carbrnnte ion at thas te-perature in this worlk sesms reasonable,

The equival:mt conductance at infi-ite dlluticn for sodfium
sulride wre fo-nd to be 138.5. Thie 18 not con-ictent with » value of
171 for the equivalent con’uct:nee of 0,100 ¥ rodiun sulfide at 25° C,
~ublighed by Jelliner and Czerwinseki (é&). hut sppears reasonable in the

1lirht of a /A of 155 ohtsired for a 0.100 ¥ solution et 35% ¢, by Goldschmidt



=59

end Larszen (_63). Jellinek and Cgerwiravi gave 106.7 for 0,0L0 N eodinn
hydrosifide at 250 C,, Xendall (63) listed 94 L for 9.0005 E sodivm
bicarbonste, and the Intermational Criticsl Tadl-s (64) noted 110.7 for
0.005 ¥, scdiur crrbonate, These values seem compatible with the /1,

valuee of 106.9, 102.8, and 127.7, respectively, found in this work,

Conduetance velues for sodium dbicsrbonate and sodium hydro-
gulfide in the unhydrolyzed state ~re not Aifficult to obtsin, Carhon
dloxide and hydrogen sulfide ars used -nd thece dissolved gsmer contridute
1ittle to the totsl conductivity., TYor sodium svlifide and sodium carbonete,
lowever, sxtremely large concentrations of allcall must bde added to svpress
the bydrolysis, making the accurste calculastion of the conductance of the

ymhydrolysed selt an iwm .o=eidility,

Nifficultiee of the sseme net: re srise when the attempt s made
to c¢slcrlate the depree of hyirolysis of these s=lte from conductence date,
The established theories relating conductance to octher propertiss of the
solution are valid only st infinite dilution, The exte-sicn of these
theories to concentrations usuvally encountered in practice is o long and

ardvoue 1rocedure end does not cive very pood results,

HYTRCIY®I® CF “GDIIY CARBORATE

The ;ercentage of hydrolysis of sodium cmrbonate in solutions at
- 25° ¢,, as deterrined by three methods, is s:umarized in Table III,
Hydrolysis war ealcrlated from conductance data by two metiods--tiose of
Bredip (pege 37) and Cchueffer (uspe 38), ihe caleulation from pH values
wee made ss sFown on pape 39, and the celeulation from X +nd X date is

11

illustrated on pree 42, A wlue of 5,70 x 10~ was used for the second
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jorigatinn ennetrnt of cnrbonie zcid; thig 1s the value of Fauks znd

vantere (5]).

TYNRCLYSIR 7 sony oy RICAR ONCPR

The .ercentnge of hydrolysis of sodium bicarbonate in golutions
at 25% C. ie sumrarigzed in Table IV, Crleulations were rade in the seme
menner as for sodiwm esmrhonate, slthnurh the “chaaffer metiiod of erlcoue

latin- conductance dat~ is not z..lieable to thiy ty e of mslt,

RYDROIYSIS 0P SODYUF SULFINR

Tatle V pracents hydrolysis values on sodium svlifide at 25' Ce
Caloviations were made as for sodium onrbonate, The Bredip method Jor
handling conductance data gove nerative hydrolysis walues, evideantly
beesuse of the fallure of Xohlrausch's lawe of additivity of comdwotmnces
(see 1aze 37) at the concentr=tiors 1 vegtirated, The conductance of
unhydrolyzed sodium pulfide was outalned by subtractin: the conductsnce
of » pure solution of sodivm hydroxide of the concentrstion added from
the total contuetence of a solution contrining & piven concentration of
eodingm «1v1fide trd 2 large sdded excess of modinm hydroxide, This
¢onductsnce walue for nrhydrolysed sodivm s:1fide wee lerger then that

for o sodium sv1f4de solution of the same concentr-tion,
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TABLE XIX

HYDROLYSIS OF SODYTH CARm #AT (269 O.)

Hydrolysis
( From Conducta(mce ) From 1’703
Schaeffer) Bredig), o): 8 X "
Molerity 4, ) 4 4 x'ﬁs
0.005 - 21-5 110)‘; 1602
0,010 58,2 20.8 6.7 12.0
0.025 19,8 16,3 3.6 1.5
0.050 4,3 11.2 2.4 5.2
00075 hatnandd 8.3 2.0 u’oa
0,100 31.5 he2 1,7 3.6
0'150 - ahe 1,5 — -
0.200 - - 1-3 2-5
00300 2“.9 - L —me
001‘;‘00 - hadeated 1o1 107
OQSOO 19.0 - wanew ooy
PTARLY, IV

HYNROLYC IS CF SUDIUA RICAR NI (259 €,)

Prom

Conductance From Frgn

Molerity (grgeig). pg. 5,4_,.
0.005 30.1 3.8 0.8
0.010 25.1 2.% 0.6
0.720 o 1.3 —
0.05¢ 14,9 0.k 0.3
0.100 10.9 0.2 0.3
0.200 — 0.1 ———
0,500 L3 —— 0.1
0.875 — 0.01 ——

10000 006 Latrtnd 0.1
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TARLE ¥

HYDRCTYSIY GF £SCDIUF S LFIDG (259 C.)

¥rom

Conductance From

Molarity (Schgaffor). Holarity pH,
0.0063 73.8 0.0050 62
0.0126 81,8 0.0100 63
0.0253 80.3 0.0250 63
0.0505 79.3 0.0500 12
0.1010 79.2 0.1000 16
0.202 76.3 0.700 19
0.k0Y4 11.7 0,400 38

OYDROLYSIS OF SCDITY SULFITH IN SGRIUN ST LITUR-SODIUM HYNROXIDE

MIXTURES

Molarity

0.0062
0.,0123
0.02k6
0.0%93
0.0585
0.197

0.394

From

Xy /e

92
87

69
58
U5

The data given in Table VI wer: obtained from ;lots of the

percentage of hydrolysis vs, the sodium svlfide concentrotion for a

riven rotio of sodinm hydroxide to sodium sulfide,

the .lots were made from confuctsnce dats by the Schreffer met od.

again the Bredis method gave negative hydrolysis values,

THRLY VI

HYDR LYSI® QF SQTIUK £ LFIDE IK

WIXPUFES WITH CODIUM HYWROXIUR (250 U.)

Molarity

NaoS

0,050
0,100
0,200

SO

18
n

¥olerity HalR
0,2

0.1
o

69
12
76

4

“aa

68
72

0.4

69

The calculations for

{nce
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A CUFFARICCH GF HYMROTYSIS RECTLTS FROM THE CONTUCTANCE,
FILUCTRGICTRTIC, AYT IETIFUCT FETIOI8

A study of the hydrolysis verlues given im Tables IXI, IV, a&nd
Y reveals the wids differencee in resulis obizined from the methods
discuseed above, Tor sodium carbonate, condvctance dats gave the hichest
velueg for hydrolyels, whereas vl measurements gave the lowest, Calou-
1ation of the conductance data by the “chaeffer method gave higber de, rees
of hydrolysis than ¢alculation by the Bredig method, Francis, Ceske, and
Roche (L43) found by the mitrosoamine meihod (cee vage 2’:) that 0.05 X
sodium carbonate was 5.2 per cent hydrolysed at 18° C. and thet an 0,10 X
solution w2s 3.1 per cent hydrolysed, These values arree quite well with
those of 5.2 per cent and 3.6 per eent hydrolyzed, respectively, which are
calculated for these solutions at 25% C, by the indirect method, Yor
sodium bicarbonate, the conductance method ssve & much hirher hydrolysis
than the other methods, In this cass, = eli.ghtl_y greater Lydrolysis was
indicated by :H measvremente than was determined by the in'irect mthod;
The Schaeffer metnod of ealculating conductance data is not applicable
to 2 a1t of this type. In the case of =odium snlfide g0lutions, the
Rredipg mothod of celculation gave merstive hydrolysie values, The velues
obtrined by the Fchaeffer method and fror LH measurcments are sonewhat
erratic, Too much sirnificance canrct be attsched to the resulis ealcu~

17ted by the indirect method, for the reasons mentioned sbove,

Table ¥I incicstes some effect on the part‘of tha sodium
hydroxide in supprestins the hytrolysis, slthourh one mirht expect a more
pronounced effect. The increase in hydrolysis with increaging sodium
rulfide concentration for 0.1 ¥ and 0.2 K sodium hydroxide is also con-

trary to expectation,
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To gummarisze, one misht say that the conductsnce, pH, and in-
direct methode gave an ‘ndication of the positions of the ecdium sulfide
snd sodiun carbonate hydrolytic equilidrie at 25° C. They showed that
sodium enlfide ir = more highly hydrolysed szlt than sodium carbnnate,

The results obtained were often erratic and contrary to theory, =nd le=d
one to conclude that nome of the methods save more than » semiquantitative

estiretion of the degree of hydrolysis,

¥ERCIRIC © IFITE SOIURTLITY HWPHOD OF EYDROLYSI® DRTRUN:TION

The poor results obtained by the methods thus far described led
to an extencive scorch for other met .ods of mesasuring these hydrolyses,

partievlarly thet of sodium sulfide,

Huch more ressonable and consistant data on the hydrolyeis of
godium svlfide were obtsined by the application of the mercuric sulfide
#olubility method of ¥nox, This method wes free fror severe limitations
ag to the alkalinity of the solution being messured, 2nd was adapted to
hydrolyeis detcrminntions at temperatures ty.icsl of those encountered

in sulfate puluing,

The validity of the rpet o0d was checked from every conceivabdle
standpoint, The vetiod es develo ed by Knox at 26° C, was bssed uuon the
mole for mole sol:bility of red mercuric =ulfide in sodfum svlfide and
it insolubility in water, sodium hydrosulfide, and sodium hydroxide,
These insolubilities were verified.at 25° C. end were investigated at
165° C, The solubility in hydrogen £-lfide wss also measuref, because
an excess of t is compound was present in the sodium hydrosulfide
golutions, Table VII indiestes that red mercuric sulfide is ﬁcrligibly
goluble in water and in godirm hydresulfide at 165° C., 28 well as at

roon temperature, dut that some s0o1ubility in sodium hydroxide exicts at
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the slevated tem;erature, Determinations of golubility were made at =
nuzber of sodium hydroxide concentrrtions in order thet 2 correction
could be a plied in the hycrolysis crlerlations -t 165" C. In the
applicaltion of this correction, sodium lydroxide formed by hydrolysis,
as well as that added, wae concldered, In no cese d1d the correction
change the caleulated percentage of hydrolysis to en extent ,(*reat::r than
two er cent, Determinations at 110° ¢, indicsted negligible solubility
in sodivm hydrbxida at this temperature,

SOLUBILITY DATA ON IERCLRIC SULFITR

The solubility of red mercuric sulfide (cinnabar) in corponents

of svlfate white liquror other tham sodium sulfide 1s shown in Table VII,

TABLE VII
SOLURILITY CF !IRRCIRIC STLFINE

M Hgs M Heo Solution ¥ HeS
Solution (30 ¢.) Solution (185° ¢.) (M ¥eom)  (155° ¢c.)
0.1 Y ¥eOH 0 — ~—— 0.1000 0003
2.5 K NaOE 0 - - 0,46k 0024
9.7 K ¥eOE 0 - - 0.927 0022
0.25 ¥ NaHS, 0,20 ¥ NaHS,
0,025 U ES 0,000 0,009 X B8 0,000k 1.92 0118
0,058 M HaS 0 0,04l ¥ Ha8 0 4,80 .0122
B0 0 H,0 0.0006 9.60 0502

CUARTITATIVY WATURE OF THE MERCTRIC 6 ILFIDESCTINN § L¥IDE COMPLEX
FORVATICN :

The next noint of the Xnox me" 0d to be investirated was the
mole for mole solubility of mercuric svifide in sodium gnlfide, The basis
for the ealeulation of the hydrolysis (pepe 50) is the projorition that,
in the precence of en excess of red mercric e-lfide, there is a gquantita~

tive one~to-one relationship detween moles cf dissolved mercuric s . 1fide



66~

amd moles of sodium sulfide preszent in the unhydrolyzed form, Table VIII
ghows the hydrolysis values obtsined for esolutions in which the ratio of
godium hydroxide to sodium sulfide concentration was very high, Rms 4
throvgh 7 #ave very low degrees of hydrolysis. In Ren 7, for exsmple,
1.3 per cent hydrolysis was obtrincd, indicating that the amount of pere
curic srifide dissolved was 8,7 jer cent of the total concentration of
godivm evlifide (bydrolysed »nd unhydrolyzed), ¥ith the lsrpe excesses of
godium hyiroxide resent in thase solitions, & very low degres of lydroly-
els would be erpected, althovgh valuet of & few jer cont certsinly eaem
poseidble, In zny event, one mny Gonsijer the data of Table VIII as wvery
strons evidence that the mole for mole sclubility relationship is quanti-
tative or very nearly so at 25° €, Unfortunstely, the s preciable
golubility of mercuric su1fide in corcentrr-ted sodium hydroxide nrles it

im.ossible to obtsin evidence of tit~ sort nt 15° C,

TABL™ YIIX

RYDRCLYSTS OF SODITE “TTFIDE TN COMCPNTRATED
¢ODIVK HYDROXITR (25° ©.)

HeS in
XagS8, KeOH, Solution, Hydrolysis,

Ran o X X %
1 Lkgg 2,362 0353 21.1
2 0488 2,362 .N336 3,1
3 L1147 2,220 0832 27.4
u oOhB} 9.31 00"63 3.0
5 0483 9.51 .0l6h 3.4
6 1259 g.66 L1217 3.3
7 J1759 8.66 J1242 1.3
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R¥Y BCIRILITY OF THY COMPL™XeFORDATICH “EACTION

The reversibility of the reaction of HgS with Hnas to form a
soluble com:lex (pege ) was tested in the following mmnner: A szolution
of 0,3 ¥ in Nas8 :nd 1 M in NaOH wac rotated with &n excess of mercuric
gvlfide at 259 €, for twenty-four hours, A sample of the svpernatnt
11quid wes anmlyged at this time, Sufficient water was then added to
meke the solution 0,15 K in Naas snd 0.5 ¥ in ¥aOH, After twenty-four
adfitions)l hours of mixing, the auyernatant 1iqvid wae agein snrlyzed.

The rasultc gre slown in Table IX,

TABLY IX

RYVYRSIBILITY OF #®RCURIC SULFIDE-
SODIVE STLFIDE COMPLYX FORPATION

HeS Hydrolysise
in oln,, (25° ¢c.),
X %
0.3 K Na,8, 1 N KaOH 0. 1443 51.9
After dilution and 24 hre. nixing,
0,15 M Fa S, 0,5 ¥ NaOH 0.0590 66.7

The reversidility of the comslex~formation reaction,
BeS + Fnzs g Haé!gsa ’

1s a requisite of the high-temperature adaptation of the Fnox hydrolysis
determination, The reaction tubes are f£1lled at roomt emperature with
the solution in question and an excess of mercuric svlfide, and are then
heated to the desired temperature, In order for the method to yleld
correct results at the elavated tamperature, the soludle complex must dbe
able to braak down with the res:lirnt precipitation of mercurie sulfide

from solit fon, if the hydrolysir of ths sodium svifide incre-ses, After
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twenty~four hours of mizing with an excess of mercuric s:lfide at 25° Ces
the hydrolysle of the eodium sulfide in 2 solution 0.3 M in s-lfide snd
1,0 ¥ in sodiun hydroxide wue determined as 51.9 yer cent or 0, 1443 M
percuric sulficde in rolution, After the addition of sufficient distilled
veter to msve the solution 0,15 M in godjum sulfide and O.% K in godium
hydroxide and after twenty~four additional hours of mixing, the nydrolysis
vag determined as 66,7 per cent or 00,0590 ¥ mercuric sulfide in sclution,
It ir evident that coneiderable mercuric s.1fi‘e wae thrown out of
solution by the increave in hydrolysis uvpon dilution, In addition, both
the rydrolysis vslues aspear very ressorablc when ccupared with the d-ta
at other concentrations in Table XII, The comslex-formation reaction

p - errs to be rev-rsidble,

YEFRCT OF 0 TLO% YORWAM X OF THY SOPIUM &7 TFINW "YTRUTYSIS
T ILITRIUM

In the develo ment of any metiod for the determinztion of the
vorition of an equilibrium, the possidility of disturbins the equilibrium
puet bs cerefully considered. In the ¥nox method, the sodium sulfide 4n
golution participates in tvo equilibrium reactions,

Hgs
+
HOHE + NaS8 7~ NsOH + NaHS

o

Ko feSa
In the vresence of a large excess of HeS, such as that used in this
nethod, nne would er ect 21l sodium g:1fice to be preeent 8 the sodium
mereiry solfide com.lex, Information =s to the properties of this

golvhle corplex is verv scarce in the literstvre, slthough Kolthoff,

Griffith, #nd oltzau (65) have publirhed some vork on the yrecipitation
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of rercuric s:-1fide from the comglex by means of zinc sulfide., There is
considersble roon for arpument er to the interchangerthllity of nnes and

Kazﬂgsz in the sodiur svlfide hycrolysis equilitriunm,

In an effort to detect any shift in the hy‘rolytie equilidrium,
pR measurements were made on 0,1 ¥ sod’=m s:1fide solution before 2znd
after twenty-four houre of mix ny with »n exceze of mercuric svlfide,

The rescineg apueer in Ishle X,

PATIE X
pE OF 0,1 M SODIiK & TFI™® (25° C,)

Initinl Pina)

pH pH

Run 1 12,90 12,83
Run 2 12,91 12,86

A shift 4n the hy rolyeis meens & change in the godium hyiroxide
coneentration and, therefore, o changze in the pH of the solution,
Unfortunately, we are dezling with very hish pH's anéd an extensive shift
in the hydrolytic equilidrium would be required to shift the pH to an
extent ;re-ter than the exuerimentrl error involved in a pH messuremcnt,
For 0.1 ¥ sodium sulfide et pH 12,90, & shift of 16 per cent in the
hydrolysis equilidriuw would onlv chance the pH %o 12,80, Table X
in“icetes that chanpee in pH of 0.07 and 0,05 were obtained ex; erimentally.
The ragnitude of these clanges is vear:’ close to the re;roducibility of &
:B measurement snd, thue, too much sipnificance cannot be sttmched to them,
They msv be interpreted -2 evidence that, if a #hift in hydr-lytie

equilibrium eriste, it does not excead the order of ten @ cent or eo.
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A cnnstderstion of Tables YIIY end XII, which vresent resulte 2a low as
1.3 zer cent and as hirh ss 92,7 per cent for the nydrolysis of sodium
sulfide 2= determinsd b the ¥nox metiiod, lerds further sugiort to the
premice thet the disruption of the hydrolytic equilibriwm by comjlex
formation ie smrll, There is every reazon to believe thet, for scdium
sulfide solvtions more dilute than 0.15 M, the method will yield

"yérolysis velues hirher then 92,7 per cent,

DRCRZE GF COECLTRION (F SEPTLI- OF HEPEr THRQ HIC TTINIVE

It wss desired to chect the efficiency of the sepsrstion of
excess meraurie sulfide from the sugernatant liqvie.in.tha stzinless
steel t-bee et elevated terpersturer, [gueclel acperatus was constricted
im which the supernatant liquid was mctuzlly filtered throush ashestos
md einterad-~lase mete at 100° ¢, (see Firre 5). The Lydrolysis

vsluee obtained £ rear in Toble X1,

TPRLY XX

FYTRILYCIS OF Sonite o 11k (100° ¢.)
(STTTRMATANT LIG ID PILUVRTT)

Solution Rydrolyeis,
0.2 ¥ Na S, 0,5 K NaOE *
Run 1 6k.9
Rwn 2 65.1

The average ¥alue of 65.0 per cent hydrolytzed at 100° L+
obtsined nnder there conditions compsree well with that of 67.1 per cent
hydrolysed obtained for the s me composition of solution at 110° ¢,

(Table XII) by the resilar Lish-ten.erature method, It 1s a parent that
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satisfactory removal of excess mercuric sulfide is obt=ined by the

pettline snd decantins procedure used,

EYDROLYSIS 0P SOTITH SUIFITE IN SLIYITH-AYTROYITE »IXTVRES

Teble YII uresents dsta on the ‘ydrolysis of sodium gulfide
at various sulfide and hyiroxide concentrztiors and for severel tenpers-
tures as obtained by the mercuric e-lfide metiod., The concentrntions and
ter eraturce werse selected to cover the ranpes noruplly encovntered in

svlfate yﬁlpine.

TABLY X1X

FYDROLYSIS OF fGIIis £ LI

25° ¢, Molarity FeOH
M Fa S g o%as o.g’o a.%s 1{3
Ne15 92,7 79.7 66.7 %56.8 37.8
0025 91.9 80.3 hadaiusnd 58‘7 ul.O
0.35 83,8 71,9 - 55,1 33,1
110° ¢, Molarity NaOR
M Na S g 0"225 o.go 1@0 1§5
0.20 £9.3 719.3 67.1 51.9 U3l
165° C.
0.20 92.0 g5 72.0 53.5 46.9

An exsminntion of these date revesls thst the sodium sulfide
concentretion and the temperature of the solution axert only minor
influences on the depree of hydrolysis, The determini-g foctor seoms to
be the arovnt of sodivm hycroxide  resent, althovsh the effect of this
compound in suppressing the hydrolysis 1is slgo surprisingly sm=ll,

From Teble XII, it e pears that 1.5 ¥ sodlvm hydroxide reduces the
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hydrolysis by litile more than one half for the concentrations of so"diul{
sulfide investigated, Table VIII inijlcztes that eirht or nine molar
sodium hydroxide is required to reduce the hydrolysis to lees than four

per cent for dllute sodium evlfide solutions,

Kitchell snd Yorston (21), in ex eriments on the delipnifi-
cation of wood with sodtum evififle, found a direct »ro.ortionslity
between the rate of delipnification =nd the sodium svlfide concentrstion,
They corsidered this to be surgrisin;g. becnuse of rn expectes chanre in
the hydrolysis of sodium sulfide with concentration, The data in Table
XI1 incteate thet, at 25° C. at least, there is little chenre in the
hydrolysis with chenere in sodivm rulfide concentration, over a concenira-

tion ranre of 0.15 M to 0.35 K

The srall effect of termuer~ture on the sodium svlfide hyciroly-
sis, evidenced in Table XIX, was contrary to expsctation, It is well
establisned thet K, the lonigzation product for waier, shows = ra.id
increase vith temierature. Since K = 5'/5‘ (see .3ze 38), one mi-ht
expact the hydrolysis to increase ra.idly with g". Two uoseible reasons
for the small chonpe surrest themselver: (1) the incresse of X, with the
temperature increzse in a concentrsted selt solution may be lees then in
the cose of pure water snd (2) the secon? fonization constznt of hydroren
aulfide (K,) may incresse with the temperature $o such an extent as to

balance the increate in Ky,

Unfortunately, dats are not availabls in the litersture on the
varietion of the second ionizetion constanta of hydrogen sulfide and

carbonie scid with temperature, Jenkins (66) presents an equation for
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the ionization constant of acetic acid, which is setisfactory over a
fifty degree tenperature range. The equation 1s also & plicable to
formic, propionic, and butyric acids. Values of 1.751 x 10"'5 at 25° C.

and 1.539 x 10‘5 at 60° C. were caloulated for acetic acid.

Evidence for the idea that the second ionirzation of hydrogen
sulfide incresses with teuperature is found when the heats of nemtraliza-
tion of certain weak acids sre considered. The cowbination of hydrated
hydrogen and hydroxyl ions to fori water is sccompanied by the evolution
of 13.8 kilogram~calories per mole. In the neutralization of one mole
of acetic scic by sodium nhydroxide, 13.40 kilogram-calories are libersted.
The difference between 13.8 and 13.00 ie the heat consumed in the
ionization of acetic acid in water. The neutralization of hydrogen
cyanide (K, « 7 x 10~10) by sodium hyuroxide liberates only 2.90 xilogram=-
celories of energy per mole. The lower the louization constant the
greater is the heat consumed in ionization of the acld, and one might
expect that an acid with & high heat of lonization woild exhiblt an
increase in ionization with increasing terperature. Thus it seems quite
possible that the second lonization of hydrogen sulfide (K, = 1.2 x 10719)

might be very sensitive to increased tenmperature.

It would seem that Koon (page 9) was msking a rather extensive
approximation when he arsumed that sodium carbonate and sodlum s21fide
were practically eqiivalent as a source of sodium hydroxide by hydrolysis
in a kraft cooking licuor. He based the assumption upon the premise that
the dissociation constants of hydrogen sulfide and carbouic acld were

sbout the same. It is true that the first ionisation constants are quite
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eimilar (3,313 x 1077 for hydrogen sxlfide (§]) end 3.47 x 1677 for
eardonic acid (5])). The second fonization constants, however, =re the
ones that determine the derree of hLiydrolysis of the srltr in question,
'md these differ sp;reciabley (1.2 x 10°1% for hydrogen suvlfide (51)
and 5,70 x 10”2 for carbonic scid (5I)). The data $n Tebles IIX ana ¥

in‘ioste that sodium s.-1fide is » more hipghly hydrolyzed snlt than sodium

carbonate,

A COYPARICCE OF DYDROLYSIS RECLEDT OF SODIUY S7T7INR
BY THE CONDUCTAVCE AEM MERCURIC £ IFIDR MEINCIS

A comparison of the hydrolysis walues in Table ¥I, obtalned
by the Schaeffer metaod of crlevlation from eonductsance date, with those
of Table %I, obteined by the mercuric g 1fide solubility method of
¥nox, revesls foir sgreement, The Scheeffer method zave e v-lue of 7
zer cent hydrolyszed for 0.2 M sodium sulfide at 25° C,, =8 comjared with
92,7 per cent for 0.15 N and 91.9 per cent for 0.25 M eodium sulfide dy
the Xnox method. For a solution 0.2 K i» sodirm svlfide and 0,2 ¥ in
sodivm hydroxide, the conductrnce method gawe 72 per cent hydrolyred,
vhereas the mercuric evlfice determiration yielded 79.7 ..er cent for a
0.15 M eodiuw £:1£1de-0,25 ) sodium hydroxide mixtire and g0.3 per cent

for a 0,25 ¥=0.25 M mixture.

Schreffor found thot 0.05°17 K sodivm svlfide was Oh.3 per cent
hydrclyzed at 25° c. ('ua pree 38). The close apreement of this result
| with the hish valves of Table XII for nodium svlfide solut ions with no
godivm hydroxide added apresrs to be a matter of coincidence, The use of

condnctance dats obtained in this thesis gave o v=luve of 71,7 per cent
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hydrolysed for 0,0505 M codiunm sulfide, Schueffer's walus for the
scecific eon-vetrnce of 0,05917 M esodium hydroxide seems questionable
when compared with the dat: of Goldschmidt and Larsen (62), which appesr
in Internations) Critical Tsbles,

Schreffer's value for 0,05917 M NeoH at 259 C, 11,61 x 107}

foldschmidt ~nd Larsen value 12,61 x 10-3a-1

Yalue determined in this thesis 12,583 x 10~32-1

It i evisent that the mercuric sulfide solubility method is

much more precise than the conductance methind for determining sodium
g1f4ide hydrolysis, Small errors in the specific conduvctivity wvalues
involved in the fchneffer determination sroduce lsrge d¢fferences in the
celouvlated percertaze of hydrolysis, - he res onse of the hydrolysis to
changee in the sodium hydroxide and sodium 8:17ide concentrations is both

more pronounced snd more ;redictadle by the mercuric sv1fide method,

In brief, then, the mercuric svlifice £0lubility meti0d wes by
far the beet of the methods investigeted for the determination of the
godivm s-1fi’s hyirolysis, It was a plicable to all concentrations of
sulfide and hy-roxide and at all terperatures encountered in s:1f-te
pulping, <he ealculation of hydrolysis from the solubility data was
simple end direct, and reg.ired no datz on setivitiee, The results
obtsined were consistent and satisfactorily reproducible for the preeent
purgose, stondsrd errors beling determined as 3,39 per cent for the work
at 259 ¢,, 3.70 per cent at 110° C., ard 1,50 per cent at 165° ¢, The
theoretical bssis for the method, slthovsh not :roved rigorourly, was
established sufficlently well to rive the mathod a quantitative st-tus,

The genersl apreement st 25° C. of res:ilts obtrined from the conductance,
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pH, and indirect methods with ¢ ose obtained by the mereurie sulfide

ot nd wog an additions) argiment for the valldity of this met od,

RFPLIGATION CF FYTRCLYSIS TATY TC MILL COCKIKG DATA

It wae felt that components of a g-lfate black liqror other
the=n sodiuvm hyfroxide would have little dearing on the rodium evifide
hydrnlysis, To confivm tids i1dea, the hirh~temserature ndmptation of the
¥ncx retliod was 8:plied directly to some mill black liguors which hod
been :nrlyzed for sodium hydroxide and total e.1fide, The lig cr sam>les
wore ohtrined from the MHosinee Paper kills, rosinee, Wisconsin, The
values abtzined were of the snme order of mmgnitude ag the hiérolytie
datr on pure solutions of sodivm hycroxide and svlfide, althovgh the
res-lte ontrined wore somevhat errstic s=rd are not rrecented, The reason
for the errsztic res—-ltc was the coureci itation of =1"pll lirmin when the
blae 1iq ors were scidified to .reci:itate dirsolved mercuric si'1fide,
Puor~ust. waching of the ,reci, itote with ale-hol rerovcd most of this
Lignin, but it wrs evident that the direet a plieation of the nercurie

enlfide method to black liqrors ylslded data of 1ittle value,

Si{nce satiefzctory data on the hydrolyeis of the sodium eulfide
in cooking liguors couvld not be odtr-ined éirectly, the hydrolysis vulues
for the various liquor srmples were estimsted by applicmtion of the data
in Table XIY on the hydrolyais of sfodim s-1fide in mixtures with sodim
hydroxide to the total enlfide »nd sodium hLydroxide contents of the liquor
snmples as determined by rnslyeis, Trom these estimated hydrolysia
valuee, the total concentreations of sodiuvm hydroxide, so ium erlfide, and

sodiim bisrlfide existing in the esolutions werc cealculated,
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This yrocedure was s..1ied to sowe analytiesl data "n s
Yekoosa~rdwarde coocl, as well as to those of the losinee cook, The results
obte ned are tabulated in Tebles XIIY snd XIV and ars lottel in Tigures
g »nd 9, The term "M N¥alH (free)" used in these tables and fisures does

not include sodium hydroxide formed by hydrolysis of the sodium avlfide,

The oripinal gn2lytieal dats orn the Yosinee cook :re indieated
by the points in Figure 93 those for the Nekooma-‘dwards cook were taken

from Horlew and Paccose (_22).

PAFLE XTI
FILL-SC 17 CCOFING DAT: (RKri(0SL=NTARYS)

Time, M N=20H, ¥ ﬂazs, et inated

»in, free totel Hydrglyais. ¥ Na0H M Faps ¥ NaHS
0 1.30 0.737 35 1.h4 0.23 0.1k
60 0.u8 0.28 64 0.66 0,10 0,18
120 0.27 0.271 18 0.h8 0,06 0.2
180 0.17 0,26 85 0.39 0.0k 0,22
240 0.1} 0.26 88 0,34 0.03 0.23
TABLY, XIV

MILI=SCALE CoOFIor DA (HOSINWR)

Tine, N Xa0H, ¥ nzs ' Tatimoted

min, free tosal Hydrolysis, M NaOH M MayS K Ran®
0 1.77 0.26 L2 1.88 0.15 0.110
35 0.99 0.13 57 1.05 0.06 0.074
70 0.80 0.11 65 0.87 0.0k 0,012
105 0.67 0.10 13 0,74 0.03 0.073

135 0.58 0,10 16 0.66 0,02 0.076
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TRT SCPIUY OULFINE NYNROLYS IO IN & Lwepy CoovING

Hany sssum:tione as to the hydrolysis of godiun sulfide in
a sulfrte cooking lignor sppesr in the literature., Bray, Kartin, and
Schwertz (1) and Henson (5), on one hend, assumed complete or practioally
com:1l te hydrolyeis of the sodium aulfide to sodi:m hydroxide and =odium
hydrosu:ifide, On the other hand, Borlew snd Faecoe (20) assumed zero
hydrolysis, stating that sodium hydrosvlfide doer not éxist in r eulfate
gooking liquor and, furthermore, thet it cannot exizt at a pH hirher than
£.3, The detz of Teble FII indicate an auprecisble hydrolysis, and sub-
stantirte Brewnts (6) idea of a partial hydrolysis of zodium snlfide to

hyérosulfide, fro= which eompo.md a rerea to sFrovp ig formed in gilfate

lirnin,

1t should be mentioned agrin that theee date were obtsined from
mixtures of pure solutions of sodium svlfide and sodium hydroxide znd
not from actuel cooking liguors. It is felt, however, that the other
components in a cookins ligror, or even in a bleek liquor, wculd hove

14ttle effect 1on the sodium gnlfide hydrolysis.

Table XII1 snd M-ure 8§ present rn+lytical dates from a mill-
seale cock, to which hrs been added an eetimetion of the sodium sulfide
hydrslysis, based upon the deta of Iable %Y. Some interssting oheervse
tiong in eornection with various idess that hrve been advaneed on s 1fate
ruliying con be mnde by considerines tha hydrolysis at several pointe during
a t:.1cal cook. The iceas mentioned wore ex. ressead,with appropriate

referencer, in the #Historicrl Review® saction of the thegis,
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Let us consider the cook detcrided in Teble XIII as a ty:ical
gulfete cook, in which the temperature is raised to 165° C. in ore imd
one=-half houre =ng held there for two -nd onee«hzlf hours befoi'e the

direster is reliev=d and blown,

When the cool is first startnd, the sodium sulfide 48 only
38 per cent hyirolyzed; the total concentrations in solution rre 1.L4 ¥
sodium hydroxide, 0,23 ¥ sodium sulfide, - 0,14 M sodium bisulfide,
T™ering the first hour, zir 4s removed from the digester, the lignor
penstrates the ehips, and the volatile olils distill off with the steanm,
The siore soludble earbohydrsates sre nttacked to a grenter extent than the
1ienin during the very early .art of the cook, The entrance of s lfur
into the lignin, with the resuviting inéreau of léisnin solubility in
2lvali, may teke a little time to resch n :recisble proportions, The
svlfur apparently enters the lismin from the sodium hydrosulfide and
forms » mererpto group.

_OB

OO + ESBa T C
\ SNa

It 15 the uresence of thle rerespto group that is res:onsible for the

increase in alkali solubilisy,

At the end of the first hour, the temperature is in the
nedishborhood of 1L40° ¢, and the sodium s»lfide is 64 per cent hydrolyzed,
The erncentrstion of the zodium hydrosulfide in solution hes actually
" ineressed to 0,18 M, whereas the sodium hyiroxide is 0.66 ¥ and the
sodiun sulfide is 0,10 K. I% iz in t:de rerion that the rate of dellirniw
figation snd the ratio of lignin to carbohydretes dissolved are & -roaching

their maxinms,



t4 the end of the second hour, mexim:m te-.epature hes heen
rerched ans the sodlum enlfide ie 78 - er cent tiydrolysed, The concen~
tratione in eplution pre now 0,5% ¥ for sedive hydroxide, 0.06 M for
éodirﬁ sr1fide, ~nd Q.21 ¥ for sodlum bievlfide, The avolution of

none nienrrhle punes har oractieally ceased and the more readily

sceengible 1isnin has been removed,

Turine the last two hours of the cook, there is a slow li-nin
removal 1n6.soma derrodetion of the cellulose, “he cooking lisuvor is
rieh in rodiwe hydrosulfide, dut the alknli concentr=tion hae become
rather low, %uch of the lirnin now beins removed is comins from the
mi-dle larells, Thig lirnin mey hnve been rendered less soluhle by

eondancation resctions errlier in the cook,

Theoretical supsort for the recognized benefite of | re-
im regnntion with black liquor, ns well as for sulfate injection .ul ing,
1e fownd in the hydrolysis znd coo¥ing data, TFrom Jable XITI it is
evident th=t the black lisvor has a hi-h concentration of sodiuvm hydro-
enlfide, Sulfur msy enter the lienin in sy recisble amountrs durin~ the
vre-imiregnation .ericd. The thioldinin formed will then discolve
r2. 1dly rs soon nm the white ligvor, rich in sodium hydroxide, cones in

contact with the wood,

In injection cookinm, ~ more dilute liquor =t the ba~inrine
of the gnal shanld elirminate (or moterizlly reduce) the ;ericd “uring
which esrhohydr:-tes rre dl=golved st » rore ra 17 rate tuar the 1immin,
Tt 38 felt thet maximum benefits w0l be obt-ined by etrrtine the conk

with ~ hish-culfidity wiite ligunr in the ddreecter, ond injectine a
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liquor of lower sulfidity and hirher modiur hydrovide euntent as the
coolk. prosrensed, In this way, 2 hish concentrztion of sodivm hydroe-
sulfide would be vresent to erter the lirnin during the esrly stares,
and s gufficient emount of sodium hydroxide would d2 present toward the

end of the cook to dissolve the more resistant lignin,



(1)

(2)

(3)

()
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CONCLUS IONS

A method hns been developed for dstermining the hydrolysis of
gosium sulfide in mixtures with sodium hydroxide, over the ranres
of concentration and temperature engountered in sulfrte pulping,
The method, the principles of whiech were riven by Knox, in brsed
upon the gquantitetive solubility of mercuric sulfide in zodium
gr1fide rnd ite insolubility in sodium hydrosulfide, sodium

hydroxide, znd water,

Thig method indicated that the sodiun srlfide was about forty per
cent hydrolysed at the derimnin- of a typleal sulfate cook and

about ninsty [er cent hydrolyzed at the end.

The concentration of sodium hydroxide in the cooking liguor appe~red
to be the dominamt factor in detcrmining the degree of hydrolysis of
the sodium sulfide} temperature and sodium sulfide concentrailon

exerted only a minor influence,

Tetermination of hydrolysis by condvctance nesauromfnts. pH meagure~
rents £nd, indirectly, by cslculation from acidiec ionization
constents c¢nva only approximete results, These methods had seriocus
1imitations as to concentration and/or temperature, slthough the
order of megnitude of the hydrolysis results obtained at 25 C, was
auch a¢ to lend additionsl support to the validity of the mercurie

svlfide method,
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