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Preliminér analys av ett prov »mull» fran
multrum

Terje Enkvist

Kemiska Institutet, Helsingfors Universitet

Multrum utgér en miljévanlig ersdttning for vattenklosetten,
som slosar ca 80 liter dricksvatten per person och dag. I ett
multrum blandas latrin med sopor och rinner ned i en behallare
av polyester-glasfiberplast langs en snedstdlld yta utsatt for
luftsyre. Ympning med tradgardsjord astadkommer en aerob
biologisk nedbrytning vid ca +15° ett slags langsam forbran-
ning, dér de organiska substanserna oxideras till Koldioxid och
vatten och de icke flyktiga nérsalterna blir kvar i aterstoden,
den s.k. mullen.

Kemiska analyser av denna »mully synes ej ha utforts. Med
anledning av processens stora betydelse ur miljovardssynpunkt
har undert. latit utfora en analys av sddan mull. Resultaten ar
preliminira, men synas dock virda att relatera (tabell 1).

Analysen

Provet av Finska Clivus Ab i samband med batmassan i Hel-
singfors varvintern 1972.

Analyserna utférda av Markkarteringstjanst (Viljavuuspal-
velu), Tavastvigen 155, Helsingfors 56, i mars 1972.

»Mullen» bestod av en brunaktig saltmassa med en svag
lukt av multnande 16v. Den innehsll ratt grova fibrer, som lik-
nade rentvittade kartongfibrer. Ett par smarre metallfsremal
(ett tublock och en liten skruv) plockades bort fore analysen.

Tabell 1. Analysresultat.

pH 7,6
Askhalt 63 9%
»Humushalt» 23,7 %,

Summa 86,7 %
(Resten 13,3 % kan férmodas innehalla frimst fukt)
Volymvikt 735 g/l
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Losligh 1 sur ammoniumacetatlésning.
Kaleium (Ca2t) 14 000 mg/1 1,9 9%
Kalium (K1) 8200 1,12 9,
Fosfor (P) 1500 =« 0,20 9,
Ledningsférméga 92
Losligt i 2n saltsyra:
Bor (B) 4,2 mgjl
Koppar (Cu) 32 » 0,0044 9%,
Mangan (Mn) 145 » 0,020 9,
Magnesium, (Mg) 960 » 0,13 9
Lésligt i vatten 1. sur ammoniumacetatldsning:
Nitratkvive (N 1 NOy™) 980 mg/1 0,13 9%
Totalfosfor (P tot.) 3700 » 0,50 9%
Totalkvive (N tot.) 0,84 9%
Ammoniak-kviive (N 1 NH,) 1150 » 0,16 9
Nitritkvive (N i NO, ) 3200 » 0,44 9,
Klorid (CI") 350 » 0,06 9
Sulfat (80,27) 650 » 0,09 9%
I saltsyra 16slig aluminium, (Al) 0,87 9%

Berdkning av oredovisade mineralbestindsdelar

Om man omriknar analysresultaten till motsvarande oxider
och NH, far man f6r huvudbestindsdelarna de virden som
ingar i tabell 2.

Tabell 2.

%

Ca0 2,66
K,0 1,35
MgO 0,22
N,O, 0,50
N,O, 1,19
Al,O, 1,64
P,0, 1,15
NH, 0,19
8,90

Om man férenklat antar att ammoniaken, men ej nitrit och
nitrat avgar vid inaskningen vore de oredovisade mineralbe-
standsdelarna 63 —(8,90—0,19)=54,3 9. Denna substans kan
formodas bestd av silikater fran den ursprungligen tillsatta
tradgardsmyllan.

Uppskatining av godningsvdrdet

Om man tar i betraktande endast de viktigaste nérsalterna,
som innehaller grunddmnena kalium, kvéve och fosfor, och
dessutom loslig kalk som kalcium- och magnesiumoxid, finner
man att summan av dem raknat som oxider och NH, é&r
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1,35+0,50+1,19+0,19+1,15+2,66+0,22=17,26 % av hela
mullprovet eller 1,56 9%,=ca 1/9 av summan oorganisk substans =
aska + ammoniak.

P3s denna nérsaltandel, kalciumoxid och magnesiumoxid
medriknad, ir halten kali (K,0), fosfor (som P,0;) och kvave
(som N) den som framgir av tabell 3, i vilken {or jamforelse
inforts ocksd motsvarande virden for ett par slag av Y-lannos-
konstgodning.

Tabell 3.
Multrum- Viik. Oulu Normal super-
nirsalter Y -lannos Y-lannos
K,0 18,6 % 18,0 % 15,0 9,
P,0; 15,8 » 15,0 » 20,0 »
total N 11,6 » 13,0 » 15,0 »
NO,-N 7,81 5,2 » 4,3 »

1) Hir medriknat ocksd nitritkvéave.
I

Multrum-néarsalternas sammangéttning motsvarar alltsa ratt
nara den for »vikeva Oulu-Y-lannosy.

Forsok att wppskatta multrum-mullens teoretiska sammansdtining.

En berikning av det slag som anges i rubriken ar svar pid
grund av osikerheten i uppgifterna om exkrementers och sopors
kemiska sammansattning och om proportionen sopor till exkre-
ment. Den i det filjande gjorda berikningen bygger pa till
buds stdende summariska uppgifter.

Enligt en vid K. tekniska hogskolan (KTH) i Stockholm av
Lindstrém utford undersékning anges intaget i ett multrum
per person och dag vara ungefar foljande:Urin 1 liter, faeces
250 ml varav ca 200 ml vatten och ca 35 g organisk substans,
i proportionerna 9 g kolhydrat, 14 g fett och 12 g aggvita.

Sopor: 200 g, askhalt 5 %, vattenhalt 20 %, fast nedbrytbar
substans 75 %, Sopornas framsta bestandsdel ar papper av olika
slag.

Utbytet multrum-mull ca 20 kg per person och ér. Enligt
en dldre tysk uppgift innehaller en fullvuxen manniskas faeces
och urin per ar 1,14 kg fosfat (P,0;), 1,07 kg kali (K,0) och
5,15 kg total-kvive (N).

Enligt en uppgift av Sunderman och Boerner (1) motsvarar
urin per person och dag féljande data: Volym 1250 ml, total-
kvive 13,20 g, urea 24,3 g, urea-kvive 11,4 g, NHy 0,56 g,
kreatinin 1,64 g, urinsyra 0,6 g, total méangd aminosyror 1,5 g,
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klorider (CI") 7,0 g, fosfor som fosfat 1,0 g, natrium (Na™*)
5,0 g, kalium (K*) 2,5 g, Ca 0,2 g, Mg 0,15 g, oorganiskt sulfat
(SO27) 0,80 g.

Multrum-mullens ej obetydliga halt av aluminium kan for-
modas héarrora fran det mest av aluminiumsalter av hartssyror
bestdende limmet i sopornas papper. En blandning av lika
delar basiska hartssyresalter med en resp. tvd molekyler harts-
syra per aluminiumatom kan beraknas innehalla 5.9 9%, alu-
minium.

Det forefaller sannolikt att en stor del av kvivet i exkre-
menterna i multrum-processen forbrukas vid den biologiska
oxidationen. Om vi antar att kvantiteten total-kvive (N) i for-
hallande till summan av kali (K,0) och fosfat (P,0;) ar detsamma,

som analysen utvisar (tabell 2) eller 18611538 =0,336 bleve

mangden totalkvive per person och ar pa basen av den ovan-
namnda tyska uppgiften 0,337 (1,14+1,07) kg=0,74 kg N
eller omraknat till nitratjon NO,~ 3,28 kg.

Om vi antar att 60 9, av soporna utgjordes av med alumi-
niumresinat (5,9 % Al) limmat papper, bleve mingden salt-
syreldsligt aluminium i mullen per person och ar 0,6 x 0,200 x
365 x 0,059 kg=43,8 x 0,059=2,58 kg Al eller 7.46 kg beriknat
som aluminiumhydroxid AI(OH),.

Om vi vidare antar att all natriumklorid i multrum-mull
hirrér fran urinen och beriknar méangden ur den angivna
siffran for urinens kloridhalt kommer vi till en »teoretisks

NaCl
G 7% 0,365 k=

mingd natriumklorid i multrum-mull om

4,21 kg koksalt per ar.

Om vi pi basen av de givna uppgifterna och antagandena gor
en grov uppskattning av den »teoretiska» sammansittningen
av multrum-mullen per ir kommer vi till de som ingér i tabell 4.

Tabell 4.

Kg per person och ar Teoretiskt Funnet
Kali (K,0) 1,07 1,19
Fosfat (P,0;) 1,14 1,02
Totalkviive som N 0,74 0,74

omréknat till NOy~ 3,28 3,28
Natriumklorid (NaCl) 4,21 0,07
Aluminium omriknat till AI(OH), 7,46 2,22
Oorg. sulfater som Na,SO, 0,29 0,08
Ovrig substens 2,55

Summa, 20,00
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For att fa till stand en om ocksd mycket grov jamférelse
med de funna vardena sitter vi summan funnet kali och fosfat =
summan av de »teoretiska virdena» for samma bestandsdelar
och raknar om de 6vriga bestandsdelarna i proportion till denna
summa. Vi far da ur de funna analysvardena de tal i kg per
person och ar som anges i kolumnen »funnet» i tabell 4.

Diskussion av resultaten

Det som framst faller i 6gonen vid jamforelse av de bada
kolumnerna i tabell 4 4r den mycket stora skillnaden i mingden
natriumklorid. I jamforelse darmed &r skillnaden i mangderna
aluminium beraknat som hydroxid, med betraktande av osi-
kerheten i de gjorda antagandena, av mindre betydelse.

Di natriumkloriden framst bor harréra fran tillford urin,
ligger ett sadant antagande nirmast till hands att antingen
urin ej alls tillforts till det anvinda multrummet eller att uri-
nen fatt tillfalle att rinna av i vitskeform och ej kommit att
vara med om den biologiska processen. Mojligheten av att
»mullen» varit utsatt fér urlakning med vatten forefaller mindre
sannolik darfor att i sa fall de i vatten ytterst lattlosliga am-
moniumsalterna ocksd borde ha lésts ut tillsammans med
natriumkloriden. En ténkbar méjlighet vore dock att urlak-
ningen med vatten skett i ett tidigt stadium, innan den biolo-
giska oxidationen hunnit verka si att kvivet i faeces annu fore-
lag som aggvitedmnen och forst senare Sverférts i ammonium
och andra kvévehaltiga salter.

Kloriderna ar i allmdnhet mindre énskvirda bestdndsdelar
av godningsmedel. Urin har dock anvints som gédningsmedel
i tusentals ar sa att detta ej bor vara nigot odverstigligt hinder
for att anvinda multrum-mull som gédningsmedel.

Det undersokta provet har alltsd en sammansittning, som
avviker fran den fér multrum-mull teoretiskt beriknade. Den
hoga halten oredovisade mineralbestindsdelar kunde tyda pa
att proportionen tillford tradgardsjord och/eller sand och
andra oorganiska bestandsdelar i soporna varit onormalt hog.
I 6vrigt ar avvikelsen kvalitativt narmast till férdel: narsaltan-
delen av provet som uppgar till ca 1/9 av de oorganiska be-
standsdelarna, har lig kloridhalt och liknar till sin samman-
séttning vanlig konstgddning (Y-lannos).

En beténklig sak ar dock den betydande halten saltsyre-
lésligt aluminium, som torde héarréra fran papperslimmet 1 de
tillforda soporna. I vatten lsta aluminiumjoner anses skada
vaxtrotterna. Analysen ger ej svar pa fragan i vad méan alu-
miniet ar 10sligt i vatten.

Sammanfatining

Det undersokta provet multrum-mull innehaller ca 10 9%
nirsalter jamférbara med vanlig konstgddning (Y-lannos).
Kloridhalten ir mycket lag, vilket kan betyda att urin ej till-
forts eller att provet varit utsatt for urlakning med vatten i ett
tidigt stadium, vilket vallat forluster av nirsalter.

Halten saltsyrelésligt aluminium, som sannolikt hirrér frin
sopornas papperslim, inger vissa betinkligheter. Fortsatta
experiment borde utréna graden av dess skadlighet och mdj-
ligheterna att forebygga den.

Med beaktande av multrum-processens stora betydelse vore
systematisk, kemisk, kvalitativ och kvantitativ och biologisk
undersokning av olika slag av multrum-mull mycket énskvirda.
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Protolytic dissociation of electronically
excited phenols related to lignin

Henrik Konschin, Raija Lunnala and Franciska Sundholm

Department of Organic Chemistry,
00100 Helsingfors 10, Finland.

Summary

Several para substituted phenols and guaiacols related to lignin have been
studied in their electronically exeited singlet state. and their pK, and pK_ *
values at 298 K have been determined by absorption and fluorescence spec-
troscopy respectively. The lignin models were found to be aboatt six orders of
magnitude more acidic in their first excited singlet state than in their ground
state. A puzzling difference in behaviour between phenolic and guaiacylic
compounds is found only in the excited state. As a result the guaiacylic com-
pounds are one to two orders of magnitude less acidic than phenolic com-
pounds in the excited state, a difference which is not found in the ground state.

Acidities of electronically excited molecules can be studied
by fluorescence spectroscopy.’,®® In many cases very striking
changes in acidity are brought about by electronic excitation.
A difference in chemical behaviour is, in fact, to be expected
since the molecule in the ground state and in the excited state
differ from each other both with respect to energy and electron
wave function.*

The pioneering work by Férster ! showed that photoexcitation
of phenols in aqueous solution results in the fluorescence of
both the phenol and the phenolate anion at pH values where
no phenolate ions exist under ground state conditions. This
means that phenols are significantly stronger acids in their first
excited singlet state than in their ground state. In fact, a number
of investigations show 1,%,,5,6,7 that phenols are several orders
of magnitude more acidic in their first excited singlet states than
in their ground states. In connection with reactivity studies of
phenols related to lignin,®? it therefore seemed of interest to
determine the first excited singlet state protolytic dissociation
constants, the pK,* values, for a number of p-hydroxy-benzyl
alcohol derivatives used as lignin models.

The excitation and the relaxation processes for phenols and
phenolate ions in solution in the presence of water as a proton
acceptor can be described by the following reactions:

— 9 _.

ArOH + hy, —— ArOH* (1)
*

ArOH* + H,0 ‘K—‘_a ArO—* 4+ H,0* (2)

ArO~ + hy,” —— ArO™* (3)

ArOH* —— ArOH + hy, (4)

ArO—* —— ArO~ + hy,’ (5)

In the present investigation the Firster cycle has been used
in the determination of equilibrium constant K,*, and hence

the excited state protolytic dissociation constant pK,*. The
Forster cycle is based on the equation

AH — AH*= AE — AE/ (D
i.e. the enthalpy change, 4H*, for the protolytic dissociation
in the excited state differs from AH in the ground state by
an amount which is equal to the difference in the amount of
energy absorbed in the dissociation in the excited state and
in the ground state respectively.

It is assumed that the entropies for the reactions are the same
in the two electronic states, AS=AS*. Thus one gets from
equation (I)

_ AR — AFE’
~ 2.303RT

The average of the absorption and fluorescence maxima of the
neutral molecule and the phenolate anion has been used as a
meagure of the O —O band energy i.e.

pK, - pK.* (IL)

AE = hy = hﬁ% (L1T)
for the neutral molecule, and
AR =1 = h”_A% (IV)

for the phenolate anion, where »,, v, »,’, and ». will be
clear from reactions (1) to (5). The different methods used in
the determination’ of the pK, values, and the validity of them,
have been disussed by several authors.5,10

Experimental

Ground state dissociation constants, pK, values, were taken from the
literature whenever possible. When this was not possible pK, values were
determined spectroscopically as described by Jaffé and Orchin.! The pK,
values were determined using a 100 ppm stock solution of the phenol in water.
The fresh stock solution was diluted 1:10 with the appropriate reagent. The
spectra were measured in 0.01 N HCI, 0.01 N NaOH and 0.01 M Na,B,0,
in water respectively. All the reagents were p.a. grade. The measurements
were performed on a Beckman DU spectrometer at 298 K.

The fluorescence spectra were measured on 10 ppm solutions of the phenol
in ethanol (Alko Aa8 spectrograde) and in 0.01 N NaOH in ethanol at 298 K,
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Water and organic solvents were checked for spectroscopic purity before the
measurements, All the spectra were measured on freshly prepared solutions.
Purging of air by bubbling nitrogen through the solutions did not affect the flu-
orescence spectra.

Corrections of the fluorescence spectra were performed at the University
of Helsinki Computing Centre using a program outlined by Drushel, Sommers
and Cox !? and modified to include the emission spectra by Henrik Tylli and
Erkki Vehkamiki.'? Variations in source intensity and detector response were
quoted for using the procedures of Melhuish !4 and Parker and Rees,!s the
results of these measurements have been reported. previously.!¢

Of the phenols studied the following were available commercially: phenol I,
the cresols II—- 1V, o-oxybenzol alecohol V, p-oxybenzyl alcohol VI and guaiacol
VII. These were purified by recrystallization, sublimation or destillation when
the boiling points or the melting points were not in agreement with values
in the literature.

The benzyl alcohols vanillyl alcohol (3-methoxy-4-oxybenzyl alcohol) IX,
1-(4’-oxyphenyl)-ethanol XI, 1-(3’-methoxy-4’-oxyphenyl)-ethanol (1-guaiacyl
ethanol) XIII, and 1-(3’-methoxy-4"-oxyphenyl)-propanol (1-guaiacyl propanol)
XV were synthesized by the reduction of the corresponding carbonyl compounds.

Vanillyl alcohol IX. Commercially available vanillin was hydrogenated
catalytically at ordinary pressure and room temperature in ethyl acetate
solution. 5 9, palladium on carbon was used as a catalyst.!” With strictly
controlled hydrogen consumption the yield was quantitative.

The p-oxyhbenzyl alcohols XI, XII and XV were made by the sodium boro-
hydride reduction at room temperature in water solution of 4-oxy-aceto-
phenone, 3-methoxy-4-oxy-acetophenone and 3-methoxy-4-oxy-propiophenone.
One mole of sodium borohydride was dissolved in water and one mole of the
carbonyl compound was added in small portions to the stirred solution. The
reaction mixture was allowed to stand over night. The desired product was
isolated by the extraction with ether after the neutralization of the mixture
with carbon dioxide and saturation with ammonium sulphate, and purified by
recrystallization from chloroform. The yields were not less than 75 9%,. This
reduction method has been reported previously for 1-guaiacyl ethanol.l® The
carbonyl compounds were synthesized by Fries’ rearrangement.'®

The 1l-methyl ethers of the 4’-oxybenzyl alcohols 4’-oxybenzyl-alcohol 1-
methyl ether VIII, vanillyl alcohol methyl ether X, 1-(4’-oxyphenyl)-ethyl
methyl ether XII and 1-guaiacyl ethyl methyl ether XIV were synthesized
from the corresponding alcohols.

The alcohol was dissolved in methanol containing a small amount of con-
centrated hydrochloric acid. After two hours the mixture was neutralized
with gsodium bicarbonate, filtered and the methanol evaporated in wvacuo.
The products were purified by repeated recrystallization from diethyl ether.
The method has been used previously for this type of compound.!®s?® The yields
were not less than 90 9.

All the products were identified by their NMR and IR spectra. The melting
points of the compounds not available commercially are collected in table 1.

Table 1. Melting points of lignin models. a) value from ref. no. 33, b) value
from ref. no. 34, and ¢) value from ref. no. 20.

Phenol VIII IX X XI XII  XIII XIV XV
Melting 82— 112— oil 131— 103— 101.5— 53— 83.5—
point °C 85 115 133 105 103 55 85
Literature 1152 102b 56—

517¢
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Results and discussion

The results of the measurements and the calculations are
collected in table 2. It is seen that in accordance with the predic-
tions the investigated phenolic compounds are about six orders
of magnitude more acidic in the electronically excited first
singlet state than in the ground state. Experimentally this fact
has been established by several authors.',2,> Theoretically the
phenomenon is less easily accessible.

Table 2. The absorption and the fluorescence maxima for the phenols and the
phenolate ions (in em™?), and the pK, and pK_* values at 298 K for the phenols.
a) values from ref.no. 35, b) values from ref.no. 36, and ¢) values from ref.no. 5.

Phenol Va em™ VF(cm Hv A(cm B v Flem Y pKa pKa
phenol 1 | 38200 |33g00 |34600 | 28900 | 9997 1000 | 4r® 3
o-cresol Il | 36100 | 33600 | 35000 | 28800 10277 | 53° a1
m-cresol m | 38200 | 33600 | 34400 | 29000 10057 | 42° 33
p-cresol IV | 35600 32800 33 500 28 300 10.22°2 41° 3.3
o-oxybenzyl alcohol v | 36100 | 33100 | 33600 | 28400 9.92% | 29° 2.4
p-oxybenzyl alcohol VI | 36000 | 33100 | 34300 | 28 600 0.82% | 3.0° 33
H vi | 35700 | 32700 | 35100 | 28 500 008 | 52° 49
OCHg
Hod HcHy0cHg vl | 36100 | 33100 | 34400 | 28600 92.63 34
H CHy0H X | 35600 | 32300 |34600 | 28600 9.84° 49
OCHy
Ho_»-cHpocH; x | 35500 | 32400 |[a34300 | 28400 979 43
OCH3
Ho{_)-CHOH-CHy xi | 36000 | 33ooo |34300 | 27900 9.80 27
HOQCHOCHQCHS xi | 36000 | 33too | 34000 | 28800 079 32
Ho¢ -cHoH cHy xil [ 35600 | 32400 |a34400 | 28800 2.84 48
OCHg
HOQCHOCH3CH3 xv | 35700 | 32400 | 34400 | 28 600 9.75 44
CHj
Ho¢ -CHOHC M xv | as600 | 32400 | 34700 | 28 500 9.82° 48
OCHg
10.02 t05

Molecular orbital (MO) theory has been used to described

the enhanced acidity of the excited state compared to that of
the ground state. In an early theoretical study Sandorfy 2!
found that the charge distribution of phenol in the excited
state favours protolytic dissociation much more than in the
ground state.
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In self-consistent field (SCF') calculations of the kind described
by Pople,? de Bie and Havinga 2 calculated the charge dis-
tribution in phenol in the ground state and in the two lowest
excited singlet states S; and S,. The calculations indicate that
the excited state is much more acidic than the ground state.

In accordance with these results Enflo and Tylli #* found in
CNDO/2 caleulations of various conformations of guaiacol and
of planar phenol that the two highest occupied molecular
orbitals in guaiacol are essentially wm-orbitals in nature, and
that they (especially the highest has) have a very large amplitude
on the oxygen atoms, whereas the corresponding amplitudes in
the two lowest unoccupied molecular orbitals are small. The
same was true for the highest occupied and the lowest un-
occupied orbitals in phenol.

Using the valence bond models the different acidities of
phenols in the ground and in the excited state have been de-
scribed in terms of resonant structures.?5,2¢27 It has been
stated that there is a greater contribution of polar structures of
types XVI and XVII in the lowest excited singlet state than in
the ground state.

® ®

OH OH
) == IJ
XVI XVil

Recently Stenberg and Dutton 28 discussed the reactivity of
substituted benzenes in the excited singlet and triplet states
in terms of a set of valence bond structures. They derive a
model with intramolecular charge transfer, where the axcited
“high energy” electron is transferred to the acceptor group
which is supposed to be the electron deficient mz-system of
the molecule.

The ortho methoxyl group in guaiacylic compounds seems to
have virtually no effect on the acidity of the phenols in the
ground state. This fact has been stated before by several authors
in connection with lignin model studies.?®;*® In contrast to this
the results of the present investigation indicate that there is
a very pronounced effect of the ortho methoxyl group on the
acidity of the phenols in the first excited singlet state. The
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guaiacylic compounds are 1--2 orders of magnitude less acidic
than the corresponding unsubstituted phenols when elec-
tronically excited.

The nature of the intramolecular interaction between the
hydroxyl group and the methoxyl group in guaiacylic com-
pounds in the ground state in non-polar solvents has been de-
scribed in terms of a classical hydrogen bond between the proton
of the hydroxyl group and the methoxyl group oxygen.?® Dissolu-
tion of the guaiacylic compounds in a polar solvent (acetonitrile)
markedly influences the infra-red spectra of the compounds in
the 3 500 cm™ region. The effect on bands in regions with
lower wavenumbers is less pronounced. The conclusion was
drawn that the intramolecular hydrogen bond changes to an
intermolecular bond, a reaction called complex formation,?®
and hence the first step in the dissociation reaction.?

We find that the different behaviour of the phenols and the
guaiacols should be described as being due to the redistribution
of charge during excitation. Thus the electron withdrawing
effect of the ortho methoxyl group is different in the ground
state and in the excited state.

The effect on the acidity of the substituent in the para posi-
tion to the phenolic hydroxyl group is very small. This is con-
sistent with the fact that these types of substituents have small
Hammett substituent constants.® The correlation between the
acidity in the excited state and the ground state substituents
generally does not agree very well with the Hammett equation 5,
and therefore such calculations are excluded in the present case.
The general conclusion is drawn however, that the alkoxy
methyl group has a slightly decreasing effect on the acidity in
the excited state as compared to the proton or the alcoholic
side chain.

Summarizing, for the compounds in table 2 a major change
in the elctronic environment of the functional groups on going
from S° to S, is to be expected. Dipole moment studies have
indicated partial ionic character to the excited state rather
than complete charge transfer.3? Account has to be taken for
substituent effects in both cases. Any description of the be-
haviour of the molecules in terms of contributing structures is
likely to be highly imprecise.
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