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75 ar analytisk kemi *

Anders Ringbom

Jag har lovat att i kvill tala om den analytiska kemin under
de av Samfundet upplevda 75 dren. Och jag skall férséka gora
det, ocksd om min kontakt med den analytisk-kemiska veten-
skapen omfattar en betydligt kortare tidsrymd.

Jag kidnner mig emellertid nagot villradig nar det giller att
skildra den analytiska kemins utveckling. Den har nimligen
varit s valdsam och omfattande, att ett foredrag med ambitio-
ner pd fullstindighet ohjilpligt skulle leda till ett s.k. mothing

* Foredrag hallet vid Finska Kemistsamfundets 75-ars jubileum den 3
oktober 1966.
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about everything)-foredrag. Jag foredrar dirfér att nigot mera
detaljerat behandla vissa speciella drag i utvecklingen, som kan
erbjuda intresse, samt att anstilla diverse betraktelser Gver
dagens metoder och de perspektiv pa framtiden som de fram-
manar.

Det pastés ibland att nagon analytisk kemi som - vetenskap
inte alls existerade for 75 ar sedan. Eller, fér att anvinda den
moderna — tédmligen forvirrande — terminologin: For 75 ar
sedan fanns det ingen analytisk kemi, bara kemisk analys; det
fanns inga analytiska kemister bara kemiska analytiker. Man
brukar nimligen gora skillnad mellan analytiker, som laborerar
slaviskt enligt empiriska analysrecept, och analytiska kemister,
som har Vetenskapen med stort V som ledstjirna.

Den semantiska logiken och det berittigade i de hér distink-
tionerna kan ifrigasittas, men jag skall inte hir diskutera den
fragan. Det finns emellertid knappast skil till att undervirdera
forna tiders analytiker; minga analysrecept, allmént anvinda
innu i dag, utarbetades i borjan av 1800-talet av den tidens
allra frimsta vetenskapsmin.

Giller det att iskadliggéra den analytiska kemins utveckling,
s kan man faktiskt siga att en vindpunkt intriffade ungefir
vid tidpunkten for Finska Kemistsamfundets fodelse. Det var
nimligen ar 1804 — alltsi for 72 ar sedan — som Wilhelm
Ostwalds klassiska bok »Die wissenschaftlichen Girundlagen der
analytischen Chemie» utkom. ]

Jag erinrar mig att min lirare vid en laboratorietentamen pa
20-talet stack Ostwalds bok i min hand och bad mig lisa den.
Jag gjorde det men miiste erkiinna att jag blev féga imponerad.
Jag tyckte boken mest innehéll ganska triviala truismer}, som
man lirt sig langt tidigare, matematiken inskrankte sig till
Ostwalds utspiidningslag och nagra fordelningslikheter, boken
var en systematisering av banala, vilkinda fakta. Forst senare
insag jag, att mycket av den kunskap som inprintats i mig
forrdn jag liste boken hade funnit sin vig till lirobdckerna just
tack vare Ostwalds verk. Den 30-ariga boken hade frimst
historisk betydelse, den fick inte uppfattas som en vanlig
larobok.

Det heter ofta, att de mest betydelsefulla framstegen inom
den analytiska kemin har inspirverats av foretridare for andra
grenar av kemin. Den banala forklaringen dr dock, att den
analytiska kemin vid universiteten tidigare inte uppfattades
som en sirskild disciplin, kemisk analys horde framst till under-
visningen i oorganisk och organisk analys. I Europa fanns det
ytterst fa lirostolar i analytisk kemi forran pa 1930-talet. Men
sedan har en pataglig utveckling skett, som bist illustreras
med Sverige som exempel. De tva forsta laboraturerna i ana-
lytisk kemi grundades i slutet av 40-talet. Sedan blev det en
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paus, men pd 60-talet har en stark utveckling hunnit ske, och
for nidrvarande torde i Sverige finnas 7 professurer i analytisk
kemi. I &vriga Norden inklusive Finland &r den analytiska
kemins stillning emellertid simre.

Grannvetenskaperna har emellertid mycket tidigare haft ett
stort behov av nya eller forfinade analysmetoder, och de har
dérfor sjilva fatt skota den analytisk-kemiska vetenskapen.
Och s& kommer det sig att de flesta betydelsefulla dldre analytisk-

kemiska monografier har skrivits av foretrddare fér andra. .

kemigrenar: Ostwald var vdl ndrmast oorganiker, Sérensen, som
1909 inférde pH-begreppet, var biokemist, Niels Bjerrum, som
utredde titreringsteorin, var fysikalisk kemist, Michaelis, som
skrev en betydelsefull bok om redoxpotentialer, var biokemist.
Kanske den forste bland den analytiska kemins pionjirer, som
riknar sig sjalv som 100 9, analytisk kemist, var I. M. Kolthoff.
Han var holldndare, men togs pé ett tidigt stadium omhand av
Amerika, och han har genom en ling rad av banbrytande
lirobdcker hojt den analytiska kemins nivd. Den forsta boken
kom ut 1923, den sista, en helomarbetad nyupplaga, haller han
som bést pa att slutfora. »Nagra av mina bécker ar bra, andra
ar inte sdrskilt bra» horde jag honom en ging forklara med den
karakteristiska uppriktighet som brukar charmera — eller
chockera — hans omgivning. Jag kan i varje fall sidga, att hans
bocker »Die Massanalyse», »Potentiometric Titrations» och »Po-
larography» genom sitt vetenskapliga grepp pa dmnet i hog grad
vickt mitt intresse for den analytiska kemin. 20-talets kemiska,
analyser var i allminhet inte sdrskilt stimulerande sysselséitt-
ning fér en student, de innebar mest en ganska dyster tillvaro
framfor ett filtrum. For utvecklingen sedan dess har Kolthoffs
insats varit betydande. Och han har insett hemligheten med en
god analysforeskrift: att varje detalj skall motiveras pa ett till-
fredsstéllande sédtt.

Kolthoff har genom flera vackra undersokningar klargjort
de problem som upptrider vid utfillningar, men hans huvud-
insats berdr nog de elektrokemiska analysmetoderna. Och i det
sammanhanget kan man konstatera nagot, som giller ganska
allmént i den analytiska kemin: Att forst nir det skrivits en
monografi i &mnet, d& blir metoderna uppskattade efter for-
tjénst. For ovrigt kan man ocksd konstatera, att det &r sdllan
nya analysmetoder genast vinner tillb6rlig uppskattning. Och
metoder, som pa ett tidigt stadium foreslagits — ofta i en fullt
anvéindbar form — har mangen gang efter ett eller flere decennier
upptéickts pa nytt. Jag kunde i forbigaende ge nigra exempel.

De potentiometriska titrermetoderna blev mera kinda péa
1920-talet, da Erich Miiller gav ut sin monografi »Die elektro-
metrische Massanalyse», och nér jag i bérjan av 30-talet i mitt
doktorsarbete forsokte utveckla dessa metoder, da trodde jag
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mig syssla med ett ganska modernt omrade. Likvil finns poten-
tiometriska metoder beskrivna redan under det foregéende
seklet, det forsta forslaget torde béara artalet 1893, det andra
1897. Och jag rakade nyligen i en éldre drgang av Finska Kemist-
samfundets meddelanden lisa foljande utdrag ur protokollet for
Samfundets mote den 15 april 1898: »Filosofiekandidat Gustaf
Mattsson meddelade om en metod att pa elektrisk vig bestdmma
slutpunkten vid kloridtitrering med silvernitrat och salunda
gora bruket av indikator (kaliumkromat) 6verflodigt. Metoden
ar angiven av Dr, Salomon i Géttingen och grundar sig dirpa
att vid ledandet av en svag elektrisk strom genom ldsningen
under det titreringen pagar slutpunkten kinnetecknas genom
ett stort utslag pa en i ledningen insatt galvanometer. Man kan
ocksd inkoppla en ringklocka och fa denna att ljuda i det 6gon-
blick den sista klorsilvermolekylen bildats».

Det dr med andra ord fraga om en potentiometrisk titrering
med slutpunktsindicering enligt den s.k. »dead stop» metoden,
som ar 1927 aterupptécktes av Foulk och Bawden. Och var
mangfrestare Guss Mattsson var tydligen med — eller fére —
sin tid, da han pekade pa mojligheterna for automatisk titrering
redan for ndstan 70 ar sedan.

De polarografiska metodernas utveckling foreter liknande drag,
metoderna blev allmint bekanta forst niir en firma sinda ut ett
vackert prospekt presenterande »Ein Automat zur selbsttdtigen
chemischen Analyse».

Ocksa de fotoelektriska metoderna behdvde anmérkningsvart
lang tid forrdn de blev allmént accepterade. I borjan av 1920-
talet publicerade v. Halban och medarbetare i Tyskland en serie
vackra arbeten, i vilka ldsningars ljusabsorption méttes med
fotoceller, enstaka forsok i den riktningen kan man for 6vrigt
finna redan under seklets forsta ar. Men mera medvetna om dessa
metoders majligheter blev kemisterna egentligen forst néir de
billiga och enkla fotoelementen (spirrskiktcellerna) vann insteg
pé marknaden. Det var emellertid svart att overtyga analyti-
kerna om att nigra fotometriska metoder kunde anvindas for
annat dn bestimningar av mycket liaga koncentrationer, da
en ansprakslds relativ noggrannhet var tillricklig. Numera borjar
man emellertid skénja utvecklingens gang: Analysmetoder, som
vilar p4 anvindningen av fotoelektriska instrument, ér inte bara
lika noggranna som konventionella gravimetriska och titri-
metriska metoder, de erbjuder béttre forutsittningar fér verklig
precisionsanalys.

Ocksd de kromatografiska metoderna har suppticktsy flere
ganger, det dr svart att ge dran &t en eller fa kemister. Redan
for 100 ar sedan fanng forslag till separering grundade pa den
kromatografiska principen, och ryssen Tswett gjorde ingéende
undersokningar i detta sekels borjan. Han skrev t.0.m. en mono-
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grafi 6ver metoderna, men trots detta fick de sin egentliga bety-
delse forst pa 30-talet.

En viktig utvecklingslinje i den analytiska kemin har varit
den mot mikrometoder. I bérjan av detta sekel var Osterrike
— frimst genom Emich och Pregl — centrum fér mikroanalys-
tekniken. Fran hela vérlden for kemister till sommarkurser i Graz
for att lara sig operera med kvantiteter, som féretridesvis rorde
sig i trakten av milligram och tiondedels milligram. Mycket av
denna analysteknik anviinds fortfarande i otaliga laboratorier.
Men i vara dagar har begreppen mikroanalys och ultramikro-
analys fordndrats. P4 siitt och vis kan man siga, att vad som
var mikroanalys i seklets borjan dr makroanalys i dag. Mikro-
analytikern opererar inte med milligram utan med mikrogram,
och bortom mikrogrammen finns énnu en hel virld av submikri-
kvantiteter. I vissa specialfall dr faktiskt analys av nagra
miljoner atomer eller molekyler méjlig.

Att man kan operera med s& smé kvantiteter beror pa att
under de senaste decennierna nya analystekniker inforts. Till
de kinsligaste riaknar man de radioaktiva métmetoderna och de
masspektrometriska metoderna, och en analytisk kemist maste
nog erkinma, att det dr fysikerna som vi fir tacka for dem.
Fysikerna brukar for 6vrigt gora gillande att allt som man kan
forsta i kemin ar fysik. Vi vet t.ex. att man i en Geiger-Miiller-
mitare verkligen kan f6lja med de enskilda atomernas beteende.
Detta betydde ett mycket lingt steg mot tkad kénslighet. Men
de radioaktiva mitmetoderna blev pa allvar betydelsefulla
forst nir fysiken utvecklats si laingt att man kunde producera
ett flertal limpliga isotoper med tillhjalp av atomreaktorer och
acceleratorer. I det sammanhanget mater vi ocksd de s.k. akti-
veringsmetoderna (bestrilningsmetoderna), som sirskilt vunnit
geokemisters och medicinska kemisters bevagenhet. Hiir utsitts
ett analysprov for bestralning med neutroner eller laddade
partiklar. Inaktiva atomer blir hédrvid radioaktiva, och deras
aktivitet kan métas. Ofta fordras for analys bestralning av ocksa
ett jimforelseprov samt diverse separeringsoperationer efter
bestralningen. Dock ma tilliggas, att man under senaste tid
haft tydliga framgangar i forsdken att férenkla den antydda
proceduren, frimst genom att ta ut stralar av bestimd energi.

Ett exempel pa en aktiveringsanalys mé anforas. En arsenik-
dos, som tillférs en organism, fordelas enligt vissa laghunden-
heter, och en sirskilt stark anrikning lir ske i ménniskans hér.
Och det goéra gillande, att en giftig dos arsenik kan pévisas
genom aktivering av ett enda harstra fran en forgiftad person.
Iin ovanligt elegant analysetod.

Aktiveringsmetoderna dr silunda liksom de masspektro-
metriska metoderna mycket kiinsliga. I litteraturen heter det att
procenthalter ned till 107° 9 och miingder till 107* gram kan
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bestammas, i specialfall t.0.m. &nnu mindre. Men nimnda meto-
der fordrar mycket dyrbar apparatur, varfor intresset for dem
vid fattigare institut kan bli ganska platoniskt. Ett visst sam-
arbete mellan olika laboratorier dr dock mdjligt, t.ex. en atom-
reaktor brukar ju vara tillginglig for flera laboratorier. Jag liste
nyligen en uppgift om att med atomreaktorn i Otndis under
senaste ar utférdes omkring 2000 aktiveringanalyser. Det gillde
hérvid fraimst sparanalyser av oljeprodukter, mineralprodukter
och medicinska analyser.

Jag har i det foregdende forsokt visa hur fysikaliska och fysi-
kalisk-kemiska metoder har omdanat den kemiska analysen.
Man kunde nu stilla fragan: Vilka analysmetoder ér i dag mest
lovande, och vad kan man vénta sig av utvecklingen under den
nirmaste framtiden?

For den organiska kemins vidkommande ter sig situationen
ganska klar. De gaskromatografiska metoderna jimte automatis-
ka halvmikroférbrianningsanalyser har redan sin allmént erkéinda
position. Dessa metoder kombinerade med infrarétt- och mass-
spektrografi samt kirnmagnetresonansmetoder ger vara dagars
organiker ganska fantastiska mojligheter att separera, identifiera,
och bestémma olika substanser.

For den oorganiska kemins vidkommande &r situationen
mindre klar. Det forefaller som om utvecklingen skulle gé lings
flere linjer utan att ndgon av dem skulle dominera absolut taget.
Man kan hir skilja mellan & ena sidan langt avancerade instru-
mentella metoder och & andra sidan »klassiskay metoder — for
att nu anvinda en ofta brukad eller missbrukad term med
nagot dunkel betydelse. Kanske mera vanligt dr i vara dagar
att skilja mellan »torra» och »vatas metoder, men inte heller
den atskillnaden &r riktigt klar. Som torra betecknas metoder
som mojliggér analys av fasta substanser utan att dessa behtver
overforas i lost form. Lampliga atom- eller molekylegenskaper
underséks — vanligen under anvindning av en invecklad och
dyrbar apparatur. Kemiska reaktioner utnyttjas inte — det ar
84 att siiga friga om »kemisk analys utan kemi». Vata metoder
innebér analys av 16sningar, och i minga sammanhang betraktas
de som gammalmodiga, som »klassiska», som relikter fran en
gangen tid.

Emellertid bor man beakta, att vata metoder i vira dagar ér
nagot helt annat 4n de gravimetriska och titrimetriska metoder
som dominerade vid seklets bérjan — eller for 75 ar sedan. Ockss,
de har ju utvecklats. Ytterst anvindbara nya reagenser har till-
kommit. Lat mig paminna om Schwarzenbachs pionidrarbete
ifriga om komplexbildande reagenser samt om alla under de
senaste decennierna tillkomna firgreagenserna. Dessa upptickter
har i utomordentligt hog grad utvidgat — fér att inte siiga
revolutionerat — titreringarna och de fotometriska metoderna.
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Instrumenteringsteknikens utveckling har hir spelat en viktig
roll. Potentiometriska, polarografiska, absorptiometriska och
dven olika flamfotometriska — inklusive atomabsorptionsfoto-
metriska — metoder ér ju vata. For dvrigt fordrar ju torra
metoder, sdsom aktiveringsmetoder och rontgenfluorescensana-
lyser, ofta forberedande eller efterféljande vata separeringspro-
cesser. Det sagda innebir, att man bér jimfoéra moderna torra
metoder inte med gammalmodiga vata metoder fran anno
dazumal utan med moderna vata metoder, som utnyttjar en
ganska avancerad instrumentering. For driftanalyser i manga
industrier, sirskilt metallindustrierna, ér torra metoder ofta
Gverligsna vata metoder. Men de torra metoderna behover
niistan alltid véita metoder for kalibrering.

Vid kontakter med laboratorieledare i olika industrier har jag
tagit till vana att friga dem om deras asikt om de vita metoder-
nas framtid. Jag har tills vidare alltid fatt svaret, att ocksd om
de torra metoderna troligen blir allt allminnare och mera full-
komnade, s& dr en fullstindig overgang till torra metoder
osannolik — Atminstone under den nirmaste framtiden. Man
vet dock inte hur vetenskapen utvecklas pa lingre sikt. Och om
jag sjilv tror att de vita metoderna dnnu linge kommer att
spela en betydelsefull roll, si kan det mahinda beI_-_o pa en
viss — kanske undermedveten — beniigenhet hos minniskan
att overskatta vad hon sjilv sysslat med, att inte utm} motstiand
acceptera tanken pa att dagens aktade aktualitet bliv morgon-
dagens 15jliga kuriositet. _ o ‘

Skulle jag nu géra ett blygt forsck att i ljuset a.voden analytiska
kemins utveckling under de senaste 75 aren spa utvecklingen
for den oorganiska analytiska kemin de nirmaste aren, ja da
skulle det vil bli ungefir s hir: - o

Vata metoder gar mot ytterligare instrumentering, titreringar-
na blir i allt hogre grad automatiska och de fotometriska meto-
dernas anviindning okas fortsittningsvis. De flamfotometriska
metoderna vinner i betydelse, och hérvid tinker jag sérskilt pa
atomabsorptionsmetoder, ddr en laga inte emitferar utan
absorberar ljus av karakteristisk vaglingd. Deras fordelar vid
serieanalys och snabbanalys ér uppenbara, fér precisionsanalys
ir de emellertid tills vidare mindre limpliga.

Torra metoder kommer att f& omfattande anvindning, frimst
i samband med storre industriers driftkontroll.

Emissionsspektralanalysen har ju blivit populér i och med att
man kunnat Overgd fran fotografiska till direktvisande eller
registrerande metoder. Kvantometrar och deras avkomlingar dr
redan nu synnerligen nyttiga instrument for metallindustrin.
Kiinsligheten dr hog, men tillsvidare dr noggrannheten i manga
fall otillricklig for bestimning av komponenter som ingér i hégre
koncentration. :
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Rontgenfluorescensanalyser ligger vil fér ndrvarande i cen-
trum fér torranalytikernas intresse. Principen ér ju att en sub-
stans som bombarderas med elektroner utsinder en rontgen-
stralning, vars natur och intensitet ir beroende av provets sam-
mansittning. Metoden dr inte kiinslig i den mening att sirskilt
laga koncentrationer skulle kunna bestimmas. Men mycket smé
substansméangder kan analyseras, och dessutom har man majlig-
heter att faststiilla hur ett visst grundidmme dr fordelat i en
substans, t.ex. om det dr fraga om en homogen eller heterogen
fordelning. Reproducerbarheten éir anmirkningsvirt god, vilket
innebdr att for prov av likartad karaktdr en hog noggrannhet
kan uppnis. Jag kunde tilligga, att man numera férsoker ersitta
rontgenrdr som stralningskélla med ldmpliga radiokativa iso-
toper.

Som hogkinsliga metoder vid sparanalys kommer vil de
radioaktiva metoderna inklusive aktiveringsanalyserna samt de
masspektometriska metoderna att linge bibehalla sin sérstall-
ning.

I det foregiende har jag emellertid inte tagit med i rikningen
helt nya metoder. Manga fenomen, som ér aktuella i dag, t.ex.
den kirnmagnetiska resonansen, Mossbhauer-effekten och laser-
stralarna gdémmer troligen dnnu manga mdéjligheter. Och helt
nya fenomen iir naturligtvis ocksa tankbara.

Den analytiska kemins utveckling under de gangna 75 aren
inskrénker sig emellertid nog inte till nya instrument och reagen-
ser, Minst lika viktig dr utvecklingen av analysens teori, som
inleddes med Ostwalds redan omnimnda bok. Jag erinrar mig
att jag som ung lirare ofta kinde stark olust, da jag var tvungen
att utligga teorier, som jag visste stimde mycket illa Gverens
med verkligheten. Jag tror att sirskilt Samfundets nyvalda
hedersledamot professor Fredga, ifall han vore nirvarande,
skulle forstda vad jag asyftar. Professor Fredga publicerade
nimligen ar 1925 en uppsats i Svensk Kemisk Nidskrift, en
tidskrift, som ifraga om vetenskaplig niva torde vara den enda
— skall vi siga »allvarsammay — konkurrenten till Kemistsam-
fundets Glidjande Meddelanden. Uppsatsens rubrik lydde »Un-
dersokning av merkurijonens levnadsvanor — ett bidrag till
kinnedom om materiens diskontinuerliga strukturs, och fér-
fattaren beriknade hér kvicksilversulfidens loslighet i vatten till
1 molekyl per shadkary. Jag har i olika sammanhang spunnit pa
samma tema som professor Fredga samt forklarat att det ifraga-
varande foga tillfredsstallande virdet pa losligheten berodde pa
den analytiska kemins outvecklade niva pa 20-talet, men att en
modern kalkyl ger ett riktigt virde (som édr mera an miljarder
génger hogre). Det dr visserligen mojligt att professor Fredga
hir skulle ha plats for en viss »hovlig skepsisy, men jag har
faktiskt under arens lopp kommit till Gvertygelsen att jimvikts-
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liran verkligen stimmer och #r ytterst nyttig for analyti-
kerna. Stimmer teori och praktik inte, dd beror det oftast pa
att jimviktskonstanten ej ir riktig eller pa att obekanta bireak-
tioner stor. Jakten efter lampliga forscksbetingelser bor dirfor
bedrivas mycket systematiskt. i

Jag vet att manga analytiker i dag ér lika skeptiska gentemot
jamviktskalkylers tillférlitlighet som jag sjilv var pd 20-talet.
I en recension fick jag nyligen lisa — inlindat i limpliga artig-
heter — att recensenten ifriga om tron pd jimviktskalkylers
tillforlitlighet maste bekinna en »philosophical disagreements.
Emellertid tror jag nog att den analytiske kemistens korrekta
attityd till det ifrigavarande problemet bist kan uttryckas
genom mottot i Kolthoffs »Die Massanalyse» (som utkom Aar
1926): »Die Theorie leitet, das Experiment entscheidets. Det iir
en norm, som alltid géller.

Den analytiska kemin karakteriserades av Wilhelm Ostwald
for omkring 75 ar sedan som en andra vetenskapers y»Dienst-
magdy. Fortfarande gor den analytiska kemin tjéinster at grann-
vetenskaperna. Men jag tror dndd att den analytiska kemins
stillning har forbattrats. »Die Dienstmagds har uppfostrats och
civiliserats samt bibragts atskillig bildning: fysikalisk, teoretisk
kemisk m.m. Hon har numera inte bara tilltride till salongen,
utan far val betraktas som en fullvirdig medlem av kemiveten-
skapernas familj.
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Some Alkaline Pressure Heatings with
fermented Sodium Sulfite Liquors from the

Stora Process.

By Terje Enkvist, Johannes Turunen and Kerttu Turunen

Report from the Chemical Department of the University of Helsinki-Helsingfors

Abstract

Pressure heatings were carried out with sodium base fermented and concen-
trated spent sulfite liquor from the Stora process diluted with water in an
amount of somewhat more than its own weight (120 %,) and with sodium sulfide
added in an amount of 6 % (as Na,8) and sodium hydroxide 8 %, of the weight
of the original concentrated liquor. At heating for about 10 minutes at about
280°C and 60—70 atm. or 20—30 min. at about 255° and 40 atm. the organie
matter was demethylated and degraded to ether soluble matter in a yield of
87—42 Y, of the organic matter of the liquor. With still larger amounts of added
sodium hydroxide the yield can be increased up to 47 %. In addition 17—21 %,
and often even more, of ether insoluble precipitate (demethylated lignin) is
formed. The yield of acetic acid and other volatile acids is rather lc:w. about
2 9. Further products are methyl sulfide, methyl mercaptan and ether insoluble,
butanol soluble matter (see table 8) totally about 90 95 of the organic matter
of the original liquor. SBome of the ether soluble phenols, about 4 %, of the total
organie matter of the liguor, are benzene soluble and consist of pyrocatcc_:hfjl
with homologues, 4-acetopyrocatechol, protocatechualdehyde and some vanillin
and acetovanillone, The aldehydes are formed especially after heating at lower
temperatures (about 255°) whercas pyrocatechol dominates after heating at
about 280°. .

At heating of the liquor with sodium hydroxide at common pressure 1.a.
resorcinol is found among the reaction products.

The purpose of the investigation.

The possibilities of preparing phenolics and other useful
products from spent liquors of the cellulose industry through
heating with alkali have been studied by us or one of us (E) and
his coworkers during several years (1—10). Recent experiments
seem to indicate that heating at atmosphoric pressure has more
advantages than pressure heating. However, the earlier made
pressure heatings offer many results of interest when compared
with the later heatings at atmospheric pressure, The experiments
reported in the present paper were carried out already in 1959.
Their purpose was mainly to investigate at which conditions of
temperature, amounts of added alkali, and concentration of

— 95 —

liquor the highest yields of ether soluble reaction products could
be obtained at pressure heatings of fermented sodium sulfite
spent liquors. For comparison, some pressure heatings were
carried out on isolated fractions of the liquor, and heatings were
made at atmospheric pressure as well.

The liquor used

The fermented thick liquor showed a content of dry matter of 49.1 % and
10.9 9, of ash. As a crude value for content of organic matter the incineration
loss, i.e. 49.1—10.9 = 38.2 9, was used. The content of sugar calculated from
the reduction value against Fehlings solution (Bertrand method) was found to
be 6.1 9% of the total spent liquor, calculated as glucose, and thus 5.1 % cal-
culated as pentose C;H, O,, corresponding to 13.4 %, of the organic matter.

Methods and results

The results are presented in the tables 1—9. In these all amounts of added
substances as well as all yields are given as 9, of organic matter. O = amount
of organic dry matter. V = amount of water, including crystal water in
Na,S.9H,0 and the water in the spent liquor. The methods of analysis of the
reaction products were as follows:

Isolation of ether soluble matter. 35 ml of pressure heated spent liquor,
corresponding to about 15 ml of original thick liquor, were placed into a
separatory funnel, A current of carbon dioxide was conducted through the
liquor until pH had decreased to about 8. The liquor was then extracted
several times together with the precipitate formed, by cautious shaking
with ethyl ether, one liter in all. This ether extract was denoted as ‘‘ether
soluble phenols; its content of neutral matter, insoluble in sodium hydroxide
solution was found to be low.

The water layer was acidified with dilute sulfuric acid to pH about 2 and
was extracted in its turn several times with one liter of ether in all. This second
ether extract = ether soluble acids.

The ether extracts were dried separately with sodium sulfate, the ether was
distilled off and the residue dried in vacuo 30 min. at room temperature. Separate
experiments with drying to constant weight showed that this method of drying
was sufficient.

Pyrocatechol and its homologues (methyl, ethyl and propyl catechol) were
determined by descending paper chromatography on Whatman no 1 with
2 9, acetic acid as eluent. The spot (Rf 0.72) was localized in short wave ultra-
violet light, cut out and extracted with water at room temperature (cf Hist-
backa (12)). Fclin-Denis-reagent (13) was added to the water extract, and in a
Unicam colorimeter the color was compared with a standard obtained by
chromatography ot known amounts of pyrocatechol.

Protocatechuic acid (Rf 0.44) and 4- acetopyrocatechol (Rf 0.55) were determined
in en analogous way. As the homologues homoprotocatechuic and dihydro-
caffeic acids have quite different Rf-values in the system used (2 9%, acetic acid),
namely 0.75 and 0.67 respectively, they are not included in the values for proto-
catechuic acid.

Protocatechualdehyde, acetovanillone and vanillin were determined correspond-
ingly, but using Whatman no 1 paper impregnated with sodium wolframate
according to Halmekoski (14) and 2.4-dinitrophenylhydrazine as 0.5 9%, solution
in 2N hydrochloric acid as reagent at the colorimetric determination (14).

Volatile organic acids (mainly formic and acetic) were determined according
to (5).
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Table 1. Effect of warious kinds of alkali at 280°C.

Heating of 15 ml of spent liquor in 50 ml stainless steel tubes in a 1.6 litre
autoclave 12 min. at 280—281°, with water added outside the 50 ml tubes in
the bottom of the 1.6 1 autoclave. Pressure 51—56 atm., as measured in the
1.6 1 autoclave. Total amount of water added into each 50 ml tube 27.5 g,
including crystal water in Na,S and the water of the spent liquor.

Ether
Heat- Additions % O/O+4V1) Ether soluble produets, 9, insoluble
ing of organic matter % phenols acids pyrocatechol ?) precipitate
No after acidi-
fication
'Sl Na,8, 15.9 9% 17.2 6.9 5.1 0.82 51.3
S2 » +NaOH, 24.4 9% 17.2 19.2 17.8 2.9 24.7
S3 » Na,C0,, 159 9% 17.2 2.6 4.4 0.52 62.3
84 » + NaOH, 349 17.2 19.9 24.5 2.9 19.4
86 NaOH, 50 %, 17.2 17.0 26.7 1.5 21.4
86 NaOH, 100 % 17.2 23.6 23.2 2.4 16.7
SD1 Na,S, 16 %, +NaOH,
184 9% 16.0 17.8 21.83) 2.7 18.8

1) O = organic matter. V = total water. 2) including homologues. 3) No
protocatechuic acid was found.

Table 2. Effect of concentration (added amounts of water} at pressure heatings ab
280—285°.

Experiments with 15 g of the spent Na-base liquor in 50 ml tubes, as described
in table 1. Pressure in 1.6 1 autoclave 48—60 atm. Additions: 15.9 9%, NaOH
and 24 9 NaOH.

Heating  Added 0/04V Ether solubles, %, Ether

No water, phenols acids pyrocatechol %) insoluble
gl precipitate

S8 0 37.6 10.2 6.7 1.6 38.5
89 2.5 32.3 14.6 14.1 2.2 31.8
S10 5.0 28.3 13.4 18.9 2.1 29.1
82%) 18 17.2 19.2 17.8 2.9 24.7
87 %) 17.2 15.4 %) 19.1 2.3 27.3 %)

1) Deliberately added water. ?) Experiment reported in table 1. ) This experi-
ment was made with a greater amount of substance in the 1.6 1 autoclave. %)
Contained 2.3 %, OCH,, °) 1.8 % OCH,, ) Including homologues,

Table 3. Experiments at various temperatures in a 1.6 1 rocking autoclave,

Exp. No 811 814 S12
Spent Na-base liquor, g 600 450 600
Added Na,8.9 H,0, g 112 84 112
Corresponding Na,S, g 36.4 217.3 36.4
Na,8, % of organic matter 15.9 15.9 15.9
NaOH, g 56 42 56

» % 24.4 24.4 24.4
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Deliberately added water, g 200 540 200
0/04-V, 9, 45.4 22.4 45.4
°C 285—290° 260—269° 275—286°
Time, min. 11 20 11
Pressure atm. 65—172 4455 56—62
Yields, %:
ether soluble phenols 4.3%) 16.5 %) 8.0

» »  acids 4.6 16.1 8.5 %)
ether insoluble precipitate 1) 42.6 %) 21.97) 32.6
pyrocatechol and homologues 0.8 2.2 1.3

1y On acidification, *) Here the reaction product was precipitated after the
digestion with earbon dioxide at 127°C and 63 atm. in the autoclave, *) In addi-
tion, butanol solubles in filtrate 7.4 %, %) 2.0 % OCH,, °) 0.5 %0CH,. *) 6.1 %
OCH,. 7) 3.0 9%, OCH,.

A sample of the precipitate (32.6 9,) obtained at exp. S 12 in
the autoclave with carbon dioxide at 63 atm. was acidified with
sodium hydrogen sulfate solution and hydrochloric acid to pH
about 1.5, filtered off, air dried and extracted, first with ether,
and then with boiling 96 9, ethanol. In this way 3 fractions
were obtained, namely:

g 9, of precipitate 9, of orginal

org. matter
S12 ether soluble 0.52 2.3 0.75
812 ethanol soluble 2.4 10.8 3.52
812 ethanol insoluble 19.3 86.9 28.33
22.2 100.0 32.60

The ethanol soluble and insoluble fractions respectively were
digested as described in 50 ml autoclaves in the 1.6 1 rocking
autoclave. The results are given in table 4.

Table 4. Digestions on fractions of CO,-precipitated lignin matter from digestion
S12.

Heatings 10 min. at 275—285°. Added Na,S 44 9, and NaOH 42 9, of the
weight of the precipitate used. O/O+V = 17.2 9,

Digestion No 816
Digested precipitate ethanol sol.
Yields, 9 of digested precipitate:

817
ethanol insol.

ether soluble phenols 16.3 5.4

» »  acids 18.4 5.3
ether insoluble precipitate 37.6 59.6
Jpyrocatechol and homologues 0.9 1.6
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Table 5. Experiments with digestions of various reaction lengths at 250 —260° and
270—280°, respectively.t)

150 g of the Na-base thick spent liquor in a 0.5 1 rocking autoclave, which
allowed samples to be taken out during heating. Added Na,S 15.9 9 and
NaOH 24.4 %, water 180 g. 0/O+V = 17.2 %,

Heating,
minutes Exp. S15, 250—260°, 61—65 atm.
0% 15.9 11.4 15.5 14.2 10.1 1.1
10 17.9 18.1 20.1 9.3 5.6 1.2
20 18.6 17.4 22.1 7.1 3.4 1.9
30 15.3 22.5 24.8 6.8 2.0 2.2
45 12.1 21.9 25.9 4.7 1.1 2.3
60 13.6 23.3 30.3 4.8 0.7 2.4
Exp. 820, 270 —280°
0% 21.0 9.2 22.4 10.8 7.1 1.8
10 18.5 18.2 23.2 5.3 2.6 2.3
20 17.8 15.1 27.5 3.0 0.9 2.5
30 15.3 15.6 35.5 2.6 0.3 2.9
45 15.7 14.8 40.9 1.9 0.3 2.3
60 8.2 10.7 45.4 0.9 0.2 1.7

1? Part of the results have been represented graphically in the figures 9 and
10 in ref. 7. ®) After heating up to maximum temperature.

Table 6. Heatings with large amounts of sodium sulfide and less sodiuwm sodium
hydroxide.

Experiments in 0.5 1 autoclave, made in the same way as the experiments
of table 5. Temperature 250 —260° O/O+V 17.2 %, Addition of Na,S 25.6, of
NaOH 14.3 9%, of the organic dry matter.

Heatin'g time, Ether solubles, 9%, Ether insoluble Pyrocatechol 2)
min. phenols acids precipitate after %
adification, %,
01 12.1 24.1 21.1 0.6
20 15.4 21.9 29.3 1.65
30 13.4 19.0 26.8 0.94

1) After heating up to maximum temperature. 2) Including homologues.

Table 7. Heatings with and without addition of sulfur at 250 —260°.
15 g of Na-base thick liquor in 50 ml autoclaves. Heating time 30 min.

Heating No 822 823 824

Additions, % of org. matter:
Na,S 15.9 15.9 23.8
NaOH 24.4 24.4 12.2
Sulfur (rhombic) — 6.5 —
O/0O+V, % 22.4 22.4 24.0
Yields, 9%:
ether soluble phenols ') 17.6 14.1 14.9

» » acids 18.4 18.8 16.5
Ether insoluble precipitate 23.3 38.2 31.7
Benzene soluble phenols 3.5 3.6 4.0
Pyrocatechol and homologues 1.7°% 1.5 1.6

1) Including benzene soluble phenols. 2) In addition 0.4 % of vanillin.

f

B |

Table 8. Pressure heating of large amounts of Na-base thick liquor.

2 digeations (S10a and S19b) were carried out in the 1.6 litre autoclave, using
the following amounts of substance in every digestion: Na-base thick liquor
450 g (= 171.9 g organic matter), Na,8.0H,0 84 g (= 27.3 g Na,5 4 56.7 g
H,0, corresponding to 15.9 9, Na,8), NaOH 42 g (24.4 %), added water 540 g,
0/0+V = 22.4 %, Temperature 250—260°C. Pressure about 40 atm. Heating
at maximum temperature 20 min,

Yields, 9, of org. matter:

Ether soluble phenols 18.0
b »  acids 24,2
Ether insoluble precipitate at acidifieation 26.3
Butanol solubles from filtrate 17.7
Volatile acids, calculated as acetic acid 2.0
Dimethyl sulfide !) 3.42
Methyl mercaptan ?) 0.14
Pyrocatechol and homologues 1.7
Vanillin 0.5
Acatovanillone 0.2

In addition: 4-acetopyrocatechol and protocatechualdehyde were present.
1) Determined as 2(CH,),.8HgCl, according to (11). M.p. 153 —154°.
%) Determined as (CH,S),Hg (11).

Table 9. Some heatings of sodium base thick liquor with alkali at atmospheric
pressure.

Heatings of 10 g samples of liquor in 610 ml stainless stecl tubes kept in a
galt bath in a current of nitrogen. Temperature in the salt bath 300°, in the
reaction mixture about 260° during 60 min.

Additions Yields, %

Exp. NaOH Na,S Sulfur Total Pyrocate- Protocate-

No g % g % g % ether chol ) chuic acid

solubles

D23 2.656 694 1.3 4 - — 33.4 3.9 4.0
D24 16.0 419 — — —_ — 25.2 0 4.4
D25 10.5 283 52 136 — — 37.1 1.5
D26 3.6 942 — — 0.65 17 37.7 0 1.3

1) In this case the pyrocatechol including homologues were determined
according to the methods of Bock and Lock (15).

In addition to the experiments described in the tables several
other were carried out, including i.a. chromatography of the
reaction products on paper and in polycaprolactam columns
and determinations of ultraviolet spectra of the fractions.

One particular experiment may be mentioned: 431.5 g of
sodium base thick liquor was heated in an open vessel up to
292° using mechanical stirring and in presence of 256 g of com-
mercial sodium hydroxide and 3.2 g of iron powder. In the
chromatogram of the benzene soluble phenolics in addition to
spots indicating large amounts of pyrocatechol and proto-
catechuic acid, there was also found a spot with Rf value 0.57
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on paper eluted with 2 9, acetic acid. This spot gave the color
reaction of resorcinol with vanillin-hydrochloric acid and behaved
like resorcinol in other respects too. In the corresponding
samples from pressure heated sodium base liquor the resorcinol
spot has not been found.

Discussion of the resulis.

The results described are preliminary in many respects. Among
other things, the ether soluble phenols and acids were not further
divided into water soluble and water insoluble fractions. Later
experience with alkali heated kraft black liquors (9) makes it
seem probable that more than half of the ether solubles are
comparatively high molecular substances, insoluble in water.
The benzene soluble fraction, which was determined in three
cases (table 7),.seems to consist mainly of pyrocatechol and its
homologues, acetovanillone, vanillin, protocatechualdehyde and
4-acetopyrocatechol. The best yields of total ether solubles
obtained at the pressure heatings are 44—47 %, in cases (exp.
S4—86, table 1) where considerable amounts of sodium hydroxide
were used. A yield of 42 9, was obtained (table 8) with limited
amounts of sodium sulfide and sodium hydroxide. These yields
are somewhat lower than the corresponding yield at heating of
the same liquor with a large amount of sodium hydroxide at
atmospheric pressure (exp. 1046, table 2, ref.9). The lower yield
of ether solubles has to be compared with the higher yield of
ether insoluble precipitate (“demethylated lignin” DL) at the
pressure heatings, 17—20 %, and often more, as compared with
the 9.0 9, yield of DL at the experiment 1046 named.

A particular difference seems to be, that protocatechuic acid
is not found in the products of the pressure heatings (table 1,
note 1) but seems to be formed at heatings at atmospheric pres-
sure (table 9). As the presence of homoprotocatechuic and
dihydrocaffeic acids was not known at the time of the carrying
out of the experiments referred to, this difference should be
further investigated.

Use of sodium carbonate in the reaction mixture is very dele-
terious (exp. 83, table 1). Also precipitation of the reaction mix-
ture with carbon dioxide under pressure gives high yields of
ether insolubles and low yields of ether solubles (exp. S12,
table 3).

Use of much sodium sulfide and less sodium hydroxide (exp.
521, table 6) seems to give about the same results as the cor-
responding experiment (S15, table 5) with less sodium sulfide
and more sodium hydroxide. However, the yield of pyro-
catechol seems to be lower with higher amounts of sodium
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sulfide. Addition of sulfur together with the alkali does not show
any advantages.

The concentration of the reaction mixture seems to be very
important (tables 1—3). An addition of water in an amount of
120—130 9, of the weight of the thick liguor used seems to give
the best yields of ether solubles. ; }

The reaction temperature also influences the results. At about
275° somewhat more pyrocatechol is obtained than at 255°, and
the methoxyl content decreases more rapidly at the higher
temperature. It seems as if at the lower temperature more pro-
tocatechuldehyde and vanillin is found among the reaction pro-
ducts. Possibly, part of the pyrocatechol is formed over vanillin
and protocatechualdehyde as intermediate products.

Acknowledgement: Grants from Statens naturvetenskaplige kommdssion (Fins
land) are gratefully acknowledged.
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Some Pressure Heatings of Kraft Black
Liquor with Alkaline Reagents.
By Terje Enkvist, Erik Manelius and Brita Yrjas

Report from the Chemical Department of the Undversity of Helsinki
— Helsingfors.

Abstract

Kraft black liquors heated in autoclaves with additions of sodium sulfide
in amounts of about 16 %, and of sodium hydroxide, about 8 9%, to temperatures
between 255 —290°, gave yields of ether soluble, non volatile phenols and acids
of about 40—50 9%, all caleulated on the organic matter. Reaction times and
temperatures are very important for the yields; the effect of the concentration
of the liquors is not very pronounced. Among the phenols are pyrocatechol
and its homologues in yields which, according to semiquantitative estimations,
can be about 6 9, of the organic matter; when ammonia is present at the heat-
ings, the yields can rise to about 9 %, Catechols and ether soluble phenols are
formed from lignin (table 3); the fraction of kraft black liquor which cannot be
precipitated with mineral acids, on pressure heatings with alkali gives only
low yields of ether soluble phenols, but considerable yields of ether soluble
acids.

Spent sulfite liquor as sodium salts, and sodium lignosulfonate at pressure
heatings in rather dilute solution (table 4) with about 27 9, of sodium sulfide
and 25 9% of sodium hydroxide also give yields of about 40—50 % of ether
soluble substances, among them pyrocatechol.

The purpose of the investigation

The present paper describes experiments carried out inl1960
as part of an investigation in order to study methods of manu-
facturing phenolies and other useful products from spent liquors
of the cellulose industry by heating with alkaline reagents
(1—10). The results reported here concern batch pressure heat-
ings of commercial kraft black liquor with various amounts of
sodium hydroxide, sodium sulfide, and in some cases, ammonia,
ammonium sulfide, or sodium hydroxide -+ sulfur, at various
amounts of reagents, various concentrations and varying tem-
peratures. They should be compared especially to similar experi-
ments with continuous pressure heatings (4) and batch heatings
at atmospheric pressure of kraft black liquor (2, 3, 9,10) or
spent sodium base sulfite liquor. For comparison, also lignin and
carbohydrate fractions from kraft black liquor were pressure
heated (table 3), as well as sodium salts prepared from calcium
base spent sulfite liquors (table 4). The heated liquors were
analysed primarily by determination of fractions of ether soluble
products, and also by orientating semiquantitative chromato-
graphic estimations of catechol and some of its derivatives.
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Pregsure heatings

The kraft black liquors used and their contents of organic matler

The kraft black liquors used were commercial concentrated liquors, cooked
from about 2/3 of pine and 1/3 of spruce wood. The yields obtained at the pres-
sure heatings at the present investigation have been calculated on the organic

matter of the original black liquor in the reaction vessel. The determination.

of organic matter is not easy. The new method of the Finnish Pulp and Paper
Research Institute (11) was hot known at the time when the experiments
described in the present paper were carried out. A simple calculation of organic
matter = dry matter — ash (cf 4), without doubt gives far too low values, since
the ash contains much carbonate and sulfate from organic sodium salts and
sodium sulfide. Hence, a provisional method was used, based on agsumptions
which are presented in the form of the following example:

A commercial kraft black liquor sample (A) showed d24_0= 1.322, and:

— dry matter, determined on about 500 mg of substance by

drying to constant weight at 105° 50.75 9%
— ash after incineration at 700° =a=10.52 9%
— loss at incineration 31.23 9%
— ash after treatment with sulfuric acid and heating at 800° = b = 25.32 9,
— yield of lignin (as dry), precipitable with hydrochlorie acid 17.71 9%,

All these %, values, as well as these used in the following calculations, are 9,
of total black liquor. The temperatures are °C.

The total amount of inorganic matter in the liquor as Na-1 has been calculated
as follows:

2(Na-I)b _ 2 x 22 x 25.32

Na, 80, 142
If the amount of Na,CO, in the ash is designed as x, and the amount of

Na,S0, as y, then a = x + y. Further,
_ Na,80,
Na,CO,
This gives: x = 17.05 %, of Na,CO,, and y = 2.47 9, of Na,S0,

It is roughly assumed, that about 23 of the sulfur oceurring in the Na,SO,

comes from Na,S, 1/6 from the thiolignin, and 1/6 from Nay3,0,. Then, the
amount, of Na,S will be:

0.6667 Na,8 y/Na,80, = 0.90 %

= 7.84 9%

Xx-4+y=1340x+y

Amount of Na,8,0, = y Na,S8,0,4/6 Na,S0, = 0.46 9,
Amount of Na-1 bound by organic substances =
Neco, T oo, = "%
Organic substance = dry matter — organically bound Na-1 — 9, of Na,S — 9,

of Na,S8,0, = 50.76 —(7.21 4 0.90 + 0.46) = 42.18 = 42.2 9, of the total
black liquor.

For comparison, the amount of organic substance has been crudely calculated
also from the yield of lignin precipitable with hydrochloric acid (17.71 %)
assuming that the yield of pulp and rejects has been 48 9%, of volatile matter
and of tall oil substances in all 5 9, of the wood. The yield of sulfate lignin
precipitable with hydrochloric acid has been found by experiment to be 19.7 %,
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of the wood (12). Then the total organic substance remaining in the black liquor
would be 100—(48 + 5) = 47 9, of the wood, or 2.39 times the amount of
lignin precipitable with hydrochloric acid. If the same holds true for the black
liquor investigated, ita content of organic matter would be 2.39 X 17.71 = 42.39%,,
thus very near to the earlier mentioned value 42.2 9.

In order to facilitate the calculation of organic matter in different samples
of kraft black liquor used at the experiment, a factor of 1.3563 was used. This
factor was obtained by division of the calculated value 42.2 %, with the value
for dry matter — ash = 31.2 %. For new samples of kraft black liquor the
difference named was multiplied with the factor and the product used as value
for contents of organic matter. However, this simple method gives reasonable
results only for black liquor samples of very similar composition, like sample B
(table 5). It contained: dry matter 51.9, ash 21.1, and organic sub-
stansce 41.7 9%,

Fractionation of demethylated liquors

The pressure heated liquors (demethylated) obtained at the experiments
reported in the tables 1—4 were fractionated as described under the heading
‘“Methods and results” in (13). The following modification, where the fractiona-
tion was carried out a step further, was used at the experiments reported in
table &:

After pressure heating the autoclave was allowed to cool to room tempera-
ture. It was then opened, its contents were immediately neutralized to pH
about 7 with sulfuric acid 1:1, and filtered. The pressed, moist precipitate (F)
was weighed, and the volume of filtrate (L) measured. Aliquot parts of F and
L were extracted separately 3 times with ethyl ether, using about 2 volumes of
ether for one volume of F or L. In this way ‘‘phenols in precipitate” FF and
“phenols in H,O solution” LF were extracted. Then, the ether extracted pre-
cipitate and filtrate were acidified to about pH 2 by fresh treatment with sulfuric
acid 1:1, and extracted separately anew with about 2 volumes of ether. Thus
“acids in precipitate” LS and ‘‘acids in H,O solution” FS were extracted. All
the ether extracts were dried overnight with anhydrous sodium sulfate. The
ether was distilled off and the warm residues evaporated usually in 250 ml
round bottomed flasks, 15 min. in vacuum, which was found to be sufficient
for removing i.a. the smell of formic and acetic acid; longer drying removes
volatile phenols also. The residues were weighed. The amounts of samples
were chosen so that the weights of residues were of the order of magnitude of
500 mg. The yields were calculated as 9, of the organic matter of the kraft
black liquor fed into the autoclave,

A semiquantitative method for estimation of catechol and its
derivatives

Spraying reagent: silver nitrate-ammonia (Tollens reagent). To a 1 %, solution
(14) of silver nitrate about 2 N ammonia is added until the brown precipitate
first formed is dissolved again. Excess of ammonia should be strictly avoided.
If too much ammonia has been used, silver nitrate solution can be added until
the point where precipitate will be formed on addition of one further drop of
silver nitrate. This reagent is very sensitive and works at room temperature.
After about 30 minutes the paper should be washed throughly with water or
with sodium thiésulfate in order to avoid afterdarkening of the whole paper.
Presence of acids disturbs the silver reaction. Thus the spots obtained after
chromatography with 2 9, acetic acid as eluent are much weaker than those
obtained after chromatography in other systems. Pyrocatechol and its deriva-
tives are rapidly autoxidized in alkaline solution. This excludes the use of
alkaline eluents, like ethanol-ammonia (14). In the present investigation,
chromatography in the system I of Freudenberg and Lehmann was used (paper
impregnated with formamide, eluent xylene-ethyl methy! ketone 1:1) (15) (16).
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At the estimations, measured amounts of methanol solutions of the fractions
to be analysed were run on Whatman No 1 chromatographic paper, Size
and darkness of the spots after development and spraying were compared
with corresponding spots from running known amounts, usually 5—100 y
of pyroeatechol, 4-methyleatechol and 4-ethyl catechol. Too big amounts of
catechol derivatives give light spots with a dark border. These determinations
of catechol and its homologues revealed (ses table 5, notes 6 and 8) that the
main part of the catechols remained dissolved or absorbed in the preqil)ita:ta,
part of it even in its acidic fraction (FS). Hence, beginning from the digestion
363 (table 5), the catechols were determined from total ether extract from
a strongly acidified aliquot part of the pressure heated black liquor.

The pressure heatings carried out are presented in the tables
1—5. The digestions reported in table 1 comprise heatings of
15 ml = 19.83 g of liquor in 50 ml autoclaves, of which 3ata
time were attached to a stative and inserted in a 1.6 1. stainless
steel rocking autoclave. At experiment 282 B, 550 ml of the black
liquor was heated directly in the 1.6 1 autoclave. .

The digestions reported in table 2 were carried out in a 0.5 1
stainless steel rocking autoclave, from which samples could be
taken out during heating. _

For the digestions reported in table 3 kraft black liquor was
fractionated, first by precipitation with hydrochloric acid at
about 70°, filtering off the precipitated kraft lignin, and extrac-
tion of the precipitate with ether. The filtrate was evaporated to
dryness in vacuum and extracted with alcohol. The organic
solvents were evaporated, and the residues were used for the
digestions. )

For digestion PU 15, table 4, the starting material was prepared
by precipitating commercial, not fermented, calcium base spent
sulfite liquor with an amount of concentrated sodium carbonate
solution, just sufficient to precipitate the calcium ions. The
precipitate, mainly calcium carbonate, was filtered off. 14.1 g of
the filtrate, containing 57.6 9, of water, was used for the diges-
tion.

For PU 16, table 4, commercial, not fermented calcium base
spent. sulfite liquor was precipitated with quinoline hydro-
chloride, according to (17). The precipitated quinoline salt was
changed to sodium salt by treatment with just the necessary
amount of sodium carbonate solution, removing of quinoline by
extraction with ether, and evaporation of the water layer in
vacuum.

For PU 17, fermented commercial calcium base spent sulfite
liquor was changed to sodium form with sodium carbonate solu-
tion by the treatment described above in the case of experiment
PU 15.

The digestions reported in table 5 were carried out in a 1.6
litre rocking stainless steel autoclave. 0/0+V was 23.3 %. For
example, at exp. no 349 the following amounts of substance
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were used: 594.9 g of black kraft liquor B (p 104). 116.21 g of
Na,S.9H,0,58.41 g of NaOH, and 450 g of H,0. Corresponding
amounts were used at exp. 354, 356, 360, 362, 380, and 381,
whereas only 1/3 of these amounts were used at the exp, 364— 368.

Discussion of results

At the discussion of the results of the present work some
earlier published similar experiments should be considered also,
especially those reported in table 2 and figure 2 (2), and in figg. 7
and 8 in (6).

It seems resonable to connect effective digestion with good
yields of pyrocatechol, and of ether soluble, non volatile sub-
stances, especially such as are soluble in water, and with low
yield of substances insoluble in ether and in water. In all these
respects, digestions at 281° for 10—12 min. with about 8 %
NaOH and 16 9% of Na,S (digestions 281 and 280 B, PU 8, (2)
table 2) seem to be of advantage, especially in view of the fact
that the amount of added sodium hydroxide is rather restricted.
Very interesting is also digestion 281 B, table 2, where at about
290° the yields of ether solubles and pyrocatechol are high;
surprisingly, also the yields of substance insoluble in ether and
in water are rather high. The nature of reactions at these condi-
tions should be further investigated. Also the corresponding
experiment, 280 B, at about 255° gave interesting results at a
reaction time of about 45 minutes. Reaction time and tempera-
ture are clearly very important.

Compared with digestions at atmospheric pressure (9), one
difference is that sodium sulfide together with restricted amounts
of sodium hydroxide, or even alone, is much more effective than
sodium hydroxide at pressure heatings, whereas at atmospheric
pressure about as good or better results are obtained with sodium
hydroxide alone. Possibly the reactants, being more diluted at
pressure heatings, must contain a large amount of sodium sul-
fide, which at these conditions is the more effective degradation
reagent. At atmospheric pressure, the reaction takes place in a
concentrated solution of molten salts, and here sodium hydroxide
seems to be efficient enough, whereas sodium sulfide partly causes
deleterious side reactions.

Of the experiments at 286°, reported in table 4, the apparent
high yields of pyrocatechol and homologues at the 10 minute
heatings no 362, 368, 380 and 381 in presence of ammonia are
of interest. Ammonia or ammonium sulfide without sodium
hydroxide or sodium sulfide (exp. 364 and 365) gives only week
results. Sodium hydroxide and sulfur at 286° (exp. 367, table 5)
seem to give rather good results.

T e—— e i T B o —— — e e | — —— s
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Pressure heating of isolated kraft lignin (PU 12 and PU 13,
table 3) with sodium hydroxide and sodium sulfide gives high
yields, especially of ether soluble phenols (compare the recent
investigation of J. T. Clark and J. Green, (18)). In contrast, the
carbohydrate part of black liquor (PU 14, table 3) gives only low
yields of ether soluble phenols and of pyrocatechol, and no
substance insoluble in ether and water; the yield of ether soluble
acids is considerable. )

The influence of the concentration of organic substance (table
1) seems to be somewhat less pronounced in the case of kraft
black liquor than with sodium base spent sulfite liquor (13).

Reaction time and temperature are very important. The curves
for the yield of ether solubles and of pyrocatechol on prolonged
heating pass through a maximum, particularly pronounced at
experiment 281 B, table 2 (cf. (2) and (6)). This is probably caused
by the fact that on prolonged heating more and more matter is
precipitated already in alkaline solution. It should be observed
that the determination of matter insoluble in ether and water
(DL) at the experiments reported in table 2 comprise only
matter soluble in alkaline solution and precipitated only on
acidification of the filtrated alkaline solution. .

The experiments PU 15—PU 17 (table 4) show that especially
sodium lignosulfonate, but also the total organic matter from
fermented and even unfermented spent sulfite liquors in sodium
form can be pressure heated with rather good results, using
amounts of alkali, which are not very much larger than the
amounts used for kraft black liquors.

Acknowledgement: Grants from Statens teknologiske kommaission (Finland)
and Suomen luonnonvarain tutkimussadlic are gratefully acknowledged.

Table 1. Effect of concentration and temperature at pressure heating of commercial
kraft black liquor with alkali. Added sodiuwm sulfide 15.9 % calculated as Na,S.
Heatings 250—260°, 20 min.

Exp. Added Added O/O-+V?) Ether soluble products ) Et:wl;'l
% H,0,9 % henols acids pyro- insoluble
oA BEGR o Satutin 4 P catechol preecipitate®)
21.7
274 8.14 5 31.3 15.8 19.7 2.07
275 8.14 12 24.6 9.7 19.7 0.91 18.4
276 8.14 18 20.7 14.9 21.7 1.10 19.1
Heatings at 281°, 12 min.
11.4
280 24.0 5 31.3 15.0 244 2.75
281 8.156 18 20.7 13.5 21.3 2.65 }3.7
282 8.15 5 31.3 10.6 22.9 1.80 19.0

Heatings at 285°, 10 min.
282B  24.0 5 22.5 19.4 21.5 3.42 9.9
1) O = organic matter, V = total water, including crystal water of Na2S.9H20,
as described in (13). 2) This corresponds to ‘‘demethylated lignin”, DL, in (9).
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Table 2. Pressure heatings of kraft black liquor with alkali at different reaction
times and temperatures. Added Na,S 15.9 9%,, NaOH 8 9, and H,0 150 g.
O/O+V = 21.5%").

Exp. 280B. Temp. 252 —258°C Ether

React. time Ether soluble products insolubles %)
min, phenols acids pyrocatechol
03) 8.8 1.68 30.5
5 8.3 28.8 1.90 16.4
10 13.6 3.7 2.50
20 15.4 33.0 2.47 18.1
30 16.7 32.4 2.57 21.8
45 20.0 29.5 2.76 16.2
85 18.5 21.9 1.75 18.5
Exp. 281B. Temp. 285—97°
03 18.9 2.35 19.2
5 33.5 43.0 4.97
10 24.3 45.5 3.65 21.7
15 23.8 48.9 3.27 21.6
20 20.3 38.6 2.03 16.8
25 8.1 11.2 1.06 7.2
1) See table I, note 1. %) See table 1, note 2. ?) After heating up to maximum

temperature.

Table 3. Pressure heatings with sodium sulfide and sodium hydroxide of fractions
obtained from kraft black liquor.

50 ml tubes of stainless steel heated in a 1.6 1 rocking autoclave (cf (13))
Additions: 4.13 g Na S.9H,0 (= 1.34 g Na,S) + 1.27 g NaOH + 26 ml H,0 )
Heatings 10 min. at 275—280°, pressure 65—70 atm. Yields as 9, of organic

starting material used.
Heating Starting material Yield of ether solubles, 9%,  Ether

No phenols acids pyrocate- insoluble

chol®) precipitate?)
PU 12 Ether insoluble kraft lignin,

3.0g 48.4 19.8 1.96 16.3
PU 13 Ether soluble kraft lignin,

3.0g 48.9 14.9 2.36 4.5
PU 14 Carbohydrate part ¢) 3.37 g 6.5 20.3 0.32 0

1) In the exp. PU 14 13 ml of water wero added and further 11.6 g water came
with the starting material, which was added in water solution.

%) After acidification. This substance is ‘‘demethylated lignin”’ DL, according
to (9).

3) Determined titrimetrically in ether extract according to (19).

%) From kraft black liquor, p. 5.

Table 4. Pressure heating with alkali of matter from Ca-base sulfite spent liquor.

Heating in 50 ml tubes 11 min. at 275—285°, pressure 55—60 atm. Added
alkalies: Na,S 26.5 %, NaOH 25 9% of organic matter in starting material,

Heating Starting material 0/O+V  Yield of ether solubles Ether
No phenols acids pyro- insolu-
catechol bles (DL)
PU 15 Na-salts from Ca-base
spent.liq. 14.9 18.2 20.8 2.6 19.9
PU 16 Sodium lignosulfonate 14.9 35.0 16.2 4.5 11.1
PU 17 Fermented Ca-baseliquor 14.9 20.3 22.9 3.7 22.8

Table 5. Pressure heating of kraft black liquor with addition of reagents.

Black liquor sample B (p. 104). Reagents and yields as %, of organic substance in the starting material. Pressure in general about 70 atm.

5.3

12.3
2.73

381

380
5.3
8.2
2.73

8.2

368
6.9

367
3.6
6.5

286

366
3
6.5

10.4

362
15.2
16.4

NaOH
NH,

S

Experiment No
Additions: Na,S

255

286
10

286
10

286
10

60 11

286
10%)

287 286 286 286 286
5 10 10 10 10% 109

285

287
10

minutes at max.temp.
Yields of ether solubles:

»

Heating °C

» precipitate
Acids in H,O solution

»

Phenols in H,O solutions

precipitate

»

33.6

Sum of ether solubles

Pyrocatechol 1)

b
ol — N

Methyl catechol

Ethylcatechol

2.0 1.6 3.8 6.0 9.8 28.4

6.95 29 3.1

9.0")

2.3

7.2

Sum of catechol and homologues

1) Semiquantitative chromatographic estimation as described on pp. 4—5. %) No Na,S, but instead an amount of ammoniummono-
sulfide equivalent to 15.9 9%, Na,S. %) 85 atm. %) 75 atm. ®) 90 atm. ¢) The pyrocatechol, methylcatechol and ethylcatechol were distri-.

buted as follows in LF (water solution of phenols) 0.1; 0.1, and 0.1 in all 0.3; in FF (phenols in precipitate) 1.6, 3.4 and 3.7, in all 8.7 %

?) Yield of dimethylsulfide, determined as 2(CH,),5.3 HgCl, (20): 1.4 9% as (CH,),S in 9% of total organic matter. ?) Pyrocatechol, methyl-

catechol and ethylcatechol: in LF 0.3, 0.2 and 0.2 %; in FF 1.0, 1.7 and 1.7; in FS 0.8, 0.5 and 0.5 %, respectively, in all 6.9 %,.
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Finska Kemistsamfundets verksamhet

Protokoll fort vid Finska XKemistsamfundets ordinarie méte
den 19 april 1967 i Mejlans-klinikens forelidsningssal 2, Haart-
mansg. 4, Helsingfors. Nirvarande var ca. 70 medlemmar.

§ 1. Ordféranden hilsade de nirvarande vilkomna.

§ 2. Till medlemmar i samfundet invaldes fil. kand. Yrsa Willberg, fil.kand.
Rea Laxén och fil.mag. Maj-Len Wilenius.

§ 3. Ordféranden meddelade att styrelsen lediganslagit ett andra resesti-
pendium & 500, — mk att sékas framst av yngre medlemmar i bradskande fall.

§ 4. Bitr. prof. H. Adlerkreutz holl ett foredrag om kombinerad gaskromato-
grafi-masspektrometri. Féredraget f6ljdes av en livlig diskussion.

§ 5. Labhoratoriet foérevisades:

§ 6. Motet avslutades med samkvim.

N-E. Saris Orn Wahlroos

Protokoll fort vid Finskas Kemistsamfundets ordinarie mote
den 9. okt, 1967 i Otnés, Tekniska Hégskolans avdelning for kemi.
Ordet leddes av ordf. Saris med sekr. Wahlroos vid protokollet.
Nirvarande ca. 35 medlemmar och ca. 5 personer frén Suoma-
laisten Kemistien Seura.

§ 1. Ordféranden hilsade de nérvarande vilkomna.

§ 2. Foredrag av prof. Hrdmetsi: Epdorgaanisen kemian opetuksesta ja
tutkimuksesta Teknillisells Korkeakoululla.

§ 3. Foredrag av prof. Nyman: Om undervisningen i organisk kemi vid
Tekniska Hogskolan,

§ 4. Foredrag av prof. Harva: Teknillisen kemian opetuksesta Teknilliselld
Korkeakoululla.

§ 5. Foredrag av t.f. prof. Lindberg: Om undervisningen i fysikalisk kemi
vid Tekniska Hogskolan.

§ 6. Foredrag av t.f. prof. Nordén: Om undervisningen i kemins maskinléra
vid Tekniska Hoégskolan.

§ 7. Féredrag av prof. Nikkild: Elintarviketeknologian opetuksesta Tek-
nilliselld Korkeakoululla.

§ 8. Efter foredragen fordes diskussion,

§ 9. Laboratoriet besags.

§ 10. Motet avslutades med samkvam pé Dipoli.

N-E. Saris 0. Wahlroos

Protokoll foért vid Finska Kemistsamfundets ordinarie méte
den 13. nov. 1967 i Tekniska foéreningens i Finland lokal. Ordet
fordes av ordf. Saris med undertecknad Sandelin vid protokollet.
Nérvarande 37 personer.

§ 1. Filkand. Jutta Aminoff héll ett foredrag som behandlade Variationer
i analysresultat.

§ 2. Foredrag av filmag. Maija Pdnkdldinen rubricerat Analyysisarjojen
kontrollimenetelmié.,
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§ 3. Efter dessa foredrag uppstod livlig diskussion mellan herrar Bremer,
Enkvist, Lindberg och Saris samt foéredragshéllarna. Mag. Bremer efterlyste
bl.a. kontroll av digitalapparater och gav exempel pd huru vissa siffror oftare
én andra forekommer sasom sista siffror.

§ 4. Filmag. B. Kyrklund holl ett féredrag kallat Kvalitetskontroll, som
bl.a. behandlade representativ provtagning och sekvensanalys. I diskussionen
deltog herrar Enkvist och Lindberg samt foredragshallaren.

§ 5. Motet avslutades med samkvém pa Tekniska Féreningen, under vilket
fil.mag. Per Falck visade filmen Safarii Ostafrika.

N-E. Saris Karin Sandelin

Notiser — Uutiset

Nordisk aromforskningsgrupp

For att skapa mojligheter till ett konkret nordiskt forskningssamarbete pa
omrédet aromanalys av livemedel har en nordisk aromforskningsgrupp upp-
rittats vid Svenska Tostitutet for Konserveringsforskning (SIK) i Géteborg.
Gruppen understéds av Nordforsk och Statens Tekniska Forskningsrad och
stir under ledning av Nordforsks kommitté fér aromforskning,

Avsikten ar att de erfarenheter som samlats vid SIK och den utrustning
som finns dér — sérskilt den kombinerade gaskromatografen-masspektro-
metern — skall kunna utnyttjas fér aromundersékningar av gemensamt nor-
diskt intresse. Gruppen skall dels bearbeta egna forskningsprojekt, dels skall
den utgdra ett serviceorgan &t forskningen pé aromomradet vid industrier och
institutioner i de nordiska linderna. Den planerade serviceverksamheten kan
antingen bestd i forskningsuppdrag som placeras vid SIK-gruppen eller av
undersékningar utforda i samarbete mellan gruppen och en enskild arom-
forskare.

For ytterligare information om gruppens serviceverksamhet och formerna
for forskningsarbetet kan intresserade kontakta professor Erik von Sydow
eller civilingenjér Jonas Andersson, SIK, Fack, Gdteborg 16, — I Finland
ger nirmare upplysningar fil.dr Taina Kuusi, Statens tekniska forsknings-
anstalt, Livsmedelsindustrilaboratoriet, Otnés, tel. 460 011/605.

Internationella kongresser 1968
Federation of American Societies for Experimental Biology
Atlantic City, USA, 16—20 April 1968

IXémes Journées Biochimiques Latines
Monto Carle, 24 —28 Avril 1968

International Symposium on Protein and Polypeptide Hormones
Liege, 19—25 May 1968

FEBS, 5th Meeting, Prague, 15—20 July 1968

International Congress of Photosynthesis Research
Freudenstadt (Black Forest), 4 —8 June, 1968

Canadian Federation of Biological Sciences, 11th Annual Meeting
Kingston, Canada, 12— 14 June 1968
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Interactions between Sub-Units of Biological Macromolecules
Cambridge, England, 24—27 June 1968

5th International Symposium on the Chemistry of Natural Products
London, England, 8§ —13 July 1968

3rd International Congress of Endocrinology
Mexico City, 13 —24 August 1968

XXIV International Congress of Physiological Sciences
Washington, D.C., USA, 25—31 August 1968

4th International Symposium on Drugs Affecting Lipid Metabolism
Milan, September 1968

1. Gemeinschaftstagung der Gesellschaften und Arbeitsgemeinschaften in der
Deutschen Gesellschaft fir experimentelle Medizin
Leipzig, 30 September—5 October 1968

FEBS-sommarkurser:

FEBS Summer School on Computing Techniques in Biochemistry
Edinburgh, 24 August— 6 September 1968

FEBS Summer School on Size and Conformation of Biomacromolecules
Groningen, The Netherlands, early September 1968.

Néarmare uppgifter ges av doc. V. Kauppinen, tel. 418 355.

Internationellt symposium dver makromolekyldr kemi

TUPAC anordnar 3—6.9.1968 i Toronto, Kanada ett internationellt sympo-
gium &ver makromolekylér kemi. Symposiet behandlar makromolekylira
systems struktur och egenskaper och dr uppdelat i féljande &mnesgrupper:

1. Molekylér struktur och egenskaper.

2. Kristallisering och morfologi.

3. Makromolekylira lésningars egenskaper.

4. Struktur och fysikaliska egenskaper hos fasta makromolekylira féreningar
och system.

5. Biopolymerers struktur och funktion.

Varje symposium inleds av inbjudna féredragshallare. Dessutom kan fére-
drag anmiilas. Narmare uppgifter och anméalningar under adress:

Organizing Committee,
International Symposium on Macromolecular Chemistry,
Box 932, Terminal A, Toronto, Canada.

DET 13. NORDISKE KEMIKERM@DE

Som vedtaget pa det 12. Nordiske Kemikermade in Trondheim 1965 skal det
nmste Nordiske Kemikermade afholdes i Dammark i 1968.

Den danske bestyrelse for De Nordiske Kemikermgder har herved den sre, at
indbyde kemikere i Finland, Island, Norge, Sverige og Danmark til deltagelse i

DET 13. NORDISKE KEMIKERMODE

der afholdes pa H. C. @rsted Institutet i Kgbenhavn i dagene 19.—23. august
1968.
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Madet, der paregnes dbnet mandag d. 19. august 1968 kl. 10, vil efter tradi-
tionerne for De Nordiske Kemikermader omfatter plenarforedrag af indbudte
foredragsholdere og foredrag anmeldt af madedeltagerne, som angivet nedenfor,
Den traditionelle sektionsinddeling vil muligvis blive mndret til: synthetisk
kemi, analytisk kemi, strukturkemi, kemisk kinetik ete. Sektionerne for hiokemi
og teknisk kemi vil dog blive bibeholdt. En del af det videnskabelige program
vil blive reserveret til symposieagtige indslag over:

1. Organiske svovlforbindelser

2. Kvantekemi

Programmet vil endvidere omfatte nogle fmllesarrangementer, hvoraf skal
navnes en modtagelse pé Kobenhavns Ridhus og en festmiddag. For ledsagere
vil der blive udarbejdet et smrligt program, i

Sidelobende med Kemikermodet afholdes pa Bella Centret i Kebenhavn
KEM-TEK messen, hvor kemiteknisk procesudstyr vil vere udstillet, og hvor-
til madedeltagerne vil have fri adgang. En udstilling af laboratorieudstyr og
instrumenter vil blive arrangeret pd H. C. @rsted Institutet.

Madekontingentet er forelgbigt ansat til 220 danske kr. for aktive made-
deltagere og 110 kr. for ledsagere. Deltagelsen i festmiddagen bliver maske ikke
obligatorisk, hvorved der bliver mulighed for en nedsmttelse af kontingentet
pé 50 kr.

Sektionsforedrag kan anmeldes samtidig med deltagelsen. Der mé regnes
med en taletid pé ikke over 15 minutter, og madebestyrelsen forbeholder sig
ret til at indplacere foredragene i sektionerne, Foredragsholdere mi vare
indstillet pd at indgive résumé af foredraget senest 15. marts, men nmrmere
anvisning vil blive tilsendt dem, der indgiver foredragsanmeldelse.

For de deltagere, der mitte gnske det, vil Kemikermadet patage sig i sam-
arbejde med Bennetts Turistbureau i Kobenhavn, at skaffe indkyvartering under
madet. Bureau'et oplyser, at priserne forventes at vmre 60—125 danske lr.
pr. nat pr. deltager alt incl, herunder morgenmad. Endvidere oplyses det, at
der kun vil viore et begrisnset antal enkeltvsrelsor til radighed, og at der mulig-
vis kan sgkaffes et mindre antal kollegieviorelser. Nmwrmere enkeltheder vil
fremkomme i nwste cirkuleore. :

Deltagere, der selv vil skaffe sig indkvartering, anbefales det snarest at tage
de nadvendige skridt af hensyn til hotelsituationen i Kabenhawn,

For at kunne tillrettelmgge modet pa bedste made, anmoder den danske
medebestyrelse alle, der lunne tenke sig at deltage, om at indsende praolininsr
tilmeldelse til organisationskomitéen inden 15, februar 1968. Alle, der indgiver
priolimingr tilmeldelse vil fra den danske organsationskomité fa tilsendt 2.
cirkulere, hvorpéd bindende tilsagn gives, formentlig omkring 1. april 1968.

N. Steenberg
formand for organisationskomitéen

B. Nygaard
organisationskomitéens sekreter

Kemikermadets adresse:
H. C. Orsted Institutet, Universitetsparken 5, Kebenhavn @.
Anmélningsblanketter fas av Finska Kemistsamfundets sekreterare.
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En objektivt exakt och snabbt aviésbar digital-
skala. 68 mm gradindelning méjliggdr ett exakt
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