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CHAPTER VII 

THE ANALYSIS OF BLACK \~A'l'TLE TANNINS 

Much analytical work preceded the chromnto8raph1c 

approach 111 the present 1nveet1gationo As the dcgrad~tive study 

has ehown t.hRt only three fundamental nuclei are present 1n ~ihe 

tannins) 1 t is consid 9red likely the.t the ·maJor.i ty of areas of high 

concentration shown ln the fresh- bark chromatogram. are very c:loeely 

r elated if not conai3t1ng of d1fferont ntates of ag~regation or · 
one or two ftmdt=tmental un1teo These tannins Hill be separateD. 1lith 

d1ff1cul tyo .A.i'1.a.lys1~B of the tannin fre.ction as e. who~!..e, wh10h 

auppJ.y much useful information regarding the composite nature and 

chemical behaviour Of these tannins e&re thus presented 1rt th.iB 

chaptero 

The previous work of Stephen (149) ahol'ted little or no 

relationship between e.nalytical figures obtained from the or1t;1nal 

tannins a.nd their de1•1vat1ves. The same d1 e crepanc1 e e a.re eVit1en t 

,.,hen comparing the uork of nearly n.ll the earl3.er 1nveet1ga.~ors, 

Kirby ~ 163) and Lot.r11;t ( 159) baaed their work . and apecul~tit>n 

entirely on mcthoxyl nnd acetyl derivatives respectivelyo 

stephen not only used tannins still contaminated with ar. 

admixture of carbohydrates ae etart1ng-mater1al, but also analysed 

and compared derivatives which were incompletely eubst1tute~o 

Opposed to th1e 1 the present \·TOrk on the whole tannin fract~on 

showed for the first time that a constant proportion of carbon» 



hyd:rogen and hydroxyl groups exist throughout, and also eatab1i3hed 

that ·;~he large proportion of non-react1v•'J oxygen present l.n the 

ta.nnine ~ eou.ld possibly be ether 11nk.nge:3. 

Stephen pre·\1'1ot:tely e.ne.lyaad thn acetone=salt purified 

ma.terlal on l·lhich all hie \iork was baaed , He recorded the va.luoe 

C1 "-l 57. 4- - 59 0 1%, H'"' lt.,g - 5.0~ 

C: a 6o.o;b He 1t.92% {dr1ec. at llo0 c. for 3 - lo dE .. ye) 

G s 6ooO% fie 5 .. 06% (elec1~od1alyeed sample) 

NunnG a (234) values were 

Tannins 11 pur11'1edu by Rueeel 9 s (136) a.cetone=salt 

method vre:re al.ao analysed by the author f o:r comparison (dried e.t 

llo0 c. for 2 hours) ~ 

c s.; 57 o75'/o He 4. ?4% Ash~ 0,0.% 

c. A 57.61~ H s ~.66~ Aeh &;>. o. 2.% 

c s 57 o4.g% H EB lt. 54% Ash .... 2.)% 

As \-Jlllia.r11a ( l5S) claimed ·that methanol extractlon ~..ras 

more effective than Rueeal~ e method for ::eemovlng sugary non=-tannins~ 

tannins leached from freah=bark with absolute methanol wereD there~ 

fore, also analysed" 

Found ~ 



In the pr·~vl.oua section on pur1f1ca<~1cn ( Ghe.pt .-:,r lV): 

sal!lplas ocpsrated 7;y the va.riour~ methc:-de \.:ore su.h 1ootosd ·!':o ccmbae ~ 

t~.on rnulyees, 

Four.d g C ~ 50 o90 - 6) o 0~~ 

H ~ 4.S3 - 4-.. 94% 

Due to the .l1gh resistance of the tannins to cumbn.r:ticn, 

it .Ja.e cone1da!·ed tha:i slight p1eaeur3 in the tube m1gnt aai.: ac. 

more complP-te combuetlon Potash nbsor·ption tubes \'ei~e thl!'~ 

::..ub Bt1tut i3d fo."' soda-lime and fur t he1· analyses (dried a1; llo0 c, tcr 

2 hours ln an Abderho.'Lden gun ) gav~ ~ 

C B 1)1 .3fS, 6loSO% 

H om ~· o 69 ~ 4. Slt,% 

Corbett ( 14·•>), from previous \'tork on tannins pu.rif1ed 

by ultrafiltration and dried tor 24 hours at 95 - loo0 c. , reco:;.•dec. 

the values ; 

Calculated 
tor 

C l: 61 0 6, 61 .7% 

H s 4- . 5), 4.61% 

) cl5R:.ll-o6 • c ~ 
" 

cl5H:.3o6 • c • 
~ 

l cl5R:.2o6 0 C sa e 

62o07'/o H s 4.SJ% 
62 . 29% H • 4o50% 

62 0 4-0.% H 1; 4.1.6% 

Compared l'l1th tannins obtained by methanol e xtractions 

and acetone'"" aalt purij'1oat1ons~ the above combustion values aho \~ an 

1noreaae in carbon content cone1etent with some elimination of 

sugary non-tannins. 

For the 1nt(lrpretat1on of the above reau.L·te th~ f!)lllJ\o!.i.!·:..; 

must be ta':en into acoount .~ 
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(a) The tannin s, even taken directly from the fresh bark 

cannot be "purified" til thout causing a certain amount of darkenlng 

in colour. As the d.arkening of black wattle tannins is known to 

be due to atmospheric oxidation (see Chapter XI) all samples e.na,lysed 

were in a. slightly o:x:idised condition, 

(b) The tannins show a very high resistance to combuat1on. 

After initial charrin~ the samples aet into a hord carbonaceous 

mass which burns away only at hiBh temperature and invariably 

leaves a trace of greyish residue. 

(o) The tpnnins show a grest tendency for complex formation 

through the presence of orthohydroxy-groups, and thus retain small 

t races of salts with avidity. 

(d) The highly hygroscopic nature of the completely dried 

tannins always introc1ucee a small error into this estimation . In 

equilibrium with air they usually contain g - 12% moisture, part 

of 'Wh;ich they rap1dlyreabeorb after complete drying. 

From this discussion it 1s obvious that slightly low 

carbon and possibly high hydrogen values may be expected, and the 

results obtained arc thus in agreement with the formula 

C1?12-13°6 

The Functional Groupe in Black \iattle Tannins 

(ii) Hydroxr-groupe via Acetylation 

5 grm. aJJlOvnte of purified and dried tannins were die­

solved in 20 ml • . dry pyridine. The soluti on wae cooled in an. ice­

salt freezing miXture to 0°C. and fresh acetyl chloride (10 grms.} 



added in small quunt1t1ea. A fairly vigorous reo..ct1on was ovident 

and the temperature roee to about 30°0. accompanied by the forma~· 

t1on of a solid l1hi te AJ1lorphous maee which settled from the pyr1oJ.n':J. 

The rep._ct1on=mlxture was allol'red to stRnd in contact w1 th 1ce for 

30 minutes ::J,nd then poured into iced 1va.ter with vigorous etlrring. 

The insoluble aoetylF3.ted product vre.s thoroughly lve.ehed with a 

large ·quantity of c:dd "r;ater and a1r=·d.riedo The wh:tte product 

llas dried» dissolve:\. in chloroform nnd poured through r.m alumina 

(100 = 200 mesh) column. The acetylated compound wae completely 

adsorbed and the solvent passing on yielded a trace of o111neas of 

terpinoid odour. rhe column was washed t-rith further additions cf 

chloroform and the 9.Cetylated. tannins finally eluted off with 

excess of the same 6olvent. 

The acetyl determinations were carried out by the trans= 

eater1f1cation method of Matchett and Levine (150} standardised 

against recrystalliaed triacetylpyrogallol of meltirg yolnt 163°0. 

This method is a modification of the technique used by Perk.in ( 24-l:.) 

for ca.tech1ne. !n all ca. see the material was drt ed a:c 1lo0 c. fo:r· 

2 hours under VaCUUl!l . 

Found . % ,, = 59.61+D 59.4-!5, 59.77 " " ~ 

% :tl ~ 4.81» 4.g5, lt.7S 

% Acetyl 110a 3f1. 32p JS.2l, 37.92 

The above material was reacetylated as befor!~, repurifiEd 

by chromatography and dried as before g 

Found • % c : 6o.os. 6o.ol, 59.S7 0 

% He 4o74e . 40 73, 4. 73 

% Aoety:. = 37 0 55, 38.17, 37.B7p 3'1 o~'s 



% H = lte 59 

Previous 1r .. veet1gators have obta~.ned the follo~r1ng 

results 

~-------------------·--------~----------~------~--~--
Tanr..1ne purified I Method ot Investigator % 

Acetyl 
l 

Lauffme.nn (235) 

Corbet1; ( 146) 

stephen (149) 

1mpura . grav1metr1o 41. ) - - I 

Low1 tt ( 159) 

impure 

acetone - salt 

II 

ethyl acetate 
e.xtract 

acetone extract 

Will1ama {157) ethyl acetate 
e:x.tract 

Author acetone - salt 

Author methanol fresh-
bark extract 

grav1me1ir1c 

trans-est . 

II 

II 

II 

41. 0 

39.0 

39.3 

'I 58 , -, 4 ~ 1 
1 

5f:L 94 4 .. 93 I 

I 37. 94 
I 

3S.l6· 59 ~ 50 4.73 I 
39o 14 ~~ 5S. 79 4. 56 ~~~ 
39.04 5S.61 14066 , 

~------------~--------------~----------~------~----~-----~ 

The el1m1ne.t1on of sugary non-tannins hae thus caused 

nn expected reduct1or: in the acetyl vnlue and an increase 1n carbon 

content . 

F.edv.ct1 ve Acetylation 

Reductive c cetylat1o~ has been ueed {236) for the a1m:tl-. 

taneoue rectuctlon a.nc. acetyle.tlon of ox1d1aed qu1nono1d et1··uotw~e s . 



J.:t 1e posslble tha'G such rea.ctiona corresponding to a. Clemmcnsen 

reduction followed by acetylation~ might epli t pyrane ring st:(·uctur e ,~ 

and e:auae ftn increase in ~.cetyl content, 

Lead=ee.l't purified black wattle ta.nnine (g grmso) were 

reflL~xcd with aoo.ium acetate ( 10 grmeo), a.cet1.c anhydride ( 100 I:lo) 

a.ncl ?..inc duet (10 grma.) over a 3 hour period~ and the product 

poured into lee a water 0 After sta.nd1ne· and stirring to hydroli~e 

the :3.cet1c anhydride the 't'lhite prec1p1ta.te rrae BUcked off, ·Haehed 

e.nd dr led as be foro , 

Fcnmd ~ 

T.hl.e product t-Y"e.s reacetylated as befo:t"e for a ful:'·ther 3 hom"' pe:roiod ~ 

Fou.nd ~ 

Reductive e.cetylationi- . therefore, does not increase th'l 

o.cety1 content signlflce.ntly and no easily reducible groupe appeal 

to be presE:nto 

Drastic Double Acetylation 

Very recently Putnam and Gensler (131) twice acetylated 

a phenoltc fraction of quebracho extrnct with drastic reagents e.nd 

thus obte.lned an acetyl value which accounted. for all the oxygene 

in the tannins e.a hydroxy groupso 

wattle tannin behaves a1m11arlyo 

They also intimated that black 

Putnam and GenalerRe aoetylatiJn techn1queD which consists 

of (a) a short (15 mine.) reductiv~ acetylation in an acetic anhy~ 

dride b tetrs.ethyla.xnmonluro brmn1de, zinc :luet and triethylrun1ne 

mixture, t.olloHed 'by (b) a. prolonged (46 in:·.) drastic acety1e.t1on 



with an acetyl c.hlorl.de/dimethyle.m1ne m1xtu:r'e 9 was accordingly 

ueed on the lead=aalt purified black wattle tannlne. 

D1methylamlne was removed from the a.cetylated product 

after completing the second stage of the ~eaction by freezing the 

latter from ethanol Lnstead of methanol. 

Found ~ 

No eigntf1na.nt increase of acetyl content is T.'eflected 

1n. this analysis 0 v-1h:Lch disagrees l'iith Putnam and Genelerh e find.ingao 

d~Catechin from cube gambier was F.J1m1le.:r·1y trea·ted to 

e stabl1 eh whether th~.a drastic acetylation is capable of opening 

the pyrane r1ngo After the first s·tage of the dual acetyln.tion 

pentaacetyl d=catechj.n mpt 0 130°C. 'Has already isolated . The 

second reaction did rot affect the pentancetyl . der1vat1ve (Mpt . and 

mixed mpt. lJ0°C) ana. no ring opening, therefore, results from 

either or both of these ~eact1onso 

Discussion 

Compared with previous work on j,mpure or partl y puri:r'ted 

acetyla.ted tannins, the ne\v figures reflect a lm.;er acetyl e.nd 

higher cnrbon ve.lue o The elimination of carbohydrates which have 

a l o'tv carbon content and h1V1 hydro;xyl content, is nlmoet certa1.nly 

r eeponeible for these differenceeo The use of freahly purified 

ethanol 1a essential for the trane- eeter1f1cat1on method of acetyl 

e etimat !ono Commercial absolute ethanol causes high reeult a 

(40 = 41%) and is also considered responsible for eome of the high 

values obtained previously by other inveetiga·toreo 



Acetyl at i o n with acet yl chlor1da/pyr1d1ne and acetic 

anhydride/ sodiwn ace tate mixtures easily Bu.-nsti1 tutes secondary 

aliphatic hydroxyl groupe or t he type present in catechin (237)» 

XXX:!: and gallocatech ln (236) LXV and tertlar-y aliphatic hydroxyls 

of the type present 1n b!'azilin (239 ) XCVI and ho.ematox,yl1n (240) 

XCVII. 

HO 

XCVI XCVII 

Tertiary a l iphatic hydroxyl s such as t hose present in 

the cardiac glycoeid( S e.g. etrophll.I1th1d1n (241) XCVIII do not 

acc:tylate under such cond1 t1one, and only the secondary aliphfl:tic 

hydroxYl r eacts in t h is nucleus. Tertiary aliphat ic hydroxyl 

g'L'oups are genere.lly kno"t-m not to react quanti tnt i ve ly with acetyl 

chloride/pyridi ne mixtures (245)(246) or with acetyl chlorids 

only (247 )., Nevertheless the close proximity of phenyl nucle1D aa 

in the case of brazilin Rnd haematoxylin , appears to confer added 

reactivity to t ertiary aliphatic hydroxyls , nnd it appears unlik.ely 

that; possible tertiary aliphatic hydroxyl sroups present in bl aclc. 

'\'lattle ·tannins -...rill be non- reactive . 
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(suggested structure) 

XCVIII 

( 111) 

Dimethyl sulphate hae been used for the methyJ.atlon of' 

black wattle tannins by Corbett, stephen and Kirby~ and is csr= 

ta.in.ly the ea.eieet) although a drastic method, for obtalnin[:S the 

fully methylated proc .. uct. The reaction has the disadvantage of 

occurring in atronglj· alkaline methanolic solution which cauaea 

a small amount of unc.voidable oxidation and possible cleavage of 

labile linkages as in the case of lign1na (242). Tannins contain~ 

1ng unrea.cted phenolic groups may be removed from the fully= 

substituted product by chromatography on an alumina column (16~), 

The quantity of dimethyl sulphate required has always been regarded 

~a excessive but ortho~hydroxy groupe, e.g. gallic acid (243) 

apparently require a large excess of this reagent for complete 

methylation. 

Analysis of Methylated Tannins 

Dried tannins (55 grma . ) purified by the lead-salt metho~, 

-vrer.e d.1ssolved in methanol and methylated \'tith d1m-Jthyleu1phate 



• (120 ml.) and methanolic KOH first gently and finally vigorously 

at the boil. Afte:r• complete reaction the mixture \'las poured into 

slightly acidified 1 ater; the light pihk insoluble methyl ether 

sucked off, washed l-Jithwater and air-dried (70 grme.). After 

drying in an Abderhalden gun under vacuum at llo0 c. for 2 hours it 

was analysed. 

Found ~ % C ::: 65.36, 65.31 % H • 5.88, 5.91 

and% -OCH3 e 32.50, 32.55 

The product was finely powdered, shaken with cold 

absolute ethanol (30J ml.) and allowed to stand for g hours. 

AbOUt 15 grams dissolved. The ethanol-soluble portion was adsorbed 

on to an alumina colJmn from benzene and eluted with a benzene­

ethanol ( 100 2) mLtture according to Kirby@ a methodQ 

Found ; % C • 66.19, 66.45 % H = 6o07, 6.o4 

.and % -OCH3 ~ 35.19, 35.36. 

The ethanoJ.-insoluble portion was similarly chrometo­

graphed and eluted wlth a benzene-ethanol (100 ~ 3) mixtur,_, ., 

Found g % c = 66 0 53 I 66 0 37 % H a 6 0 09 I 6 0 :t6 

and% -OCEJ ~ 34o49, 34o57, 34.6o 

Both fractions gave a mixture of veratrit:: and O-trimcthyl­

gallic acids on oxidation, and no fractionation wan thus achieved by 

this met hod. 

Maximum Methoxyl Values 

No proved "maximum" methoxyl valuo hns yet been achieved. 
Stephen ah d t owe hat dimethyl sulphate was the most effective methy-
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lating reagent for the tannins , and obtained an apparent maximum 

value of 35 , 5% on r~peated action . Purdie and Irvine (151) have 

shown that methyl iodide and silver oxide effectively methylate 

eugnre. This method w~uld be unsuitable for tannins because ot 

the oxidising action of the silver oxide. stephen accordingly 

used 1t on the above 35o5% methoxyl material, and increased the 

methoxyl content to 36 , 5%. Kirby, to prove that his fractions 

were fully substituted, remethylated these with the weaker reagent, 

diazomethane and recorded one value of 3603%. 

To check the above, dimethyl sulphate was used repeatedly 

followed by the purification of the product on an alumina column 

after each reaction. 20 grme. of m~thylated tannins of 3~. 5% 

methoxyl content was used as s~arting material . subsequent 

reactions were carried out in ~ethanol at the boil using ~ ml. 

quantities of dimethyl sul~~ate for each reaction. Very small 
• ' 

but decreasing traces of Jln aromatic oil were separated during 

each purification. 

Found ~ 

No . of Methl:latione Methozql Value ! 
l 311-.5 

2 36.21 35.99 

3 J6.J5 36ogl 

4 J6.49 J6 . 51 

5 J6.11·7 

Combustion analyses were performed on the final product . 

Found ~ 0 • 65.g5 65.79 65og3 66.01 

% H = 6.14 6.26 6.17 6.o6 
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CalculRted for C15H902(0CH3)4 

~ C ~ 66 . 09 % H s 6 . 10 

Discussion 

The "mnx1mum11 met.hoxyl value 1s in slight excess ot 

4 I:~ethoxyl groups per hypothet 1.C!-tl C15 unit . Undel' d r ast i c con-

C..itions methyl::-tion 1n 1ts f1nnl stn.ges pr·oceeds with gt'ePter 

difficulty than ncetylat1on. The maxirnu.-:1 v:' lue r..tt~ incd a.:;rees 

\ll th stephen 1 s ~nd 1a 1n sl1eht excess of K1rby 1 s. ?revloua 

combustion r::1o.:i.sses ·,;ere perfoi·oed on incompletely ~ubstj.tuted 

Inve~t1gator Rotor Pur 1f 1 ed % -OCH3 
.. ~ ,., 
I" v % H 

Stephen ~cetone- salt 32.0 63 -30 5 .. 61 

Kirby Acetone extraction )4.8 66 . 45 6. 54-

Acetone extr•n.ctlon 35.9 66.03 6 ., 08 
I 

Kirby c 1<:\.imed that tt..ro fr~.c t1ons w1 th the t'.bove nnaly se s ~ 

r-lthough not differ1nh much t:mr.olytlcally c;o.va vcratr 1c and O~· 

tr1met.hyl enll1c nc1.ds res:;pect1vely on 'JXida.tlon. 

( 1 v) ijYdroxyl grouP.r.. by Combined Apctyl~.t 1o n r-md J.te_J;hylat 101}. 

Procedures 

=:.oth the ;:>!>c•:l ous d.er1vP. t 1•:c!: &1 o;.r 1-1gre~f.lcnt t n the 

::ur.be :::' o:' hy<~:·oxyl €::0 'QU,: 8 _pel' C15 U.nlt ·,vhen ful l y r-l.lb~t ituted , 

5uch ."\.~:r-ee:r~ent could .. hovever ~ result f r or:1 the ope~1ln£; of p y-rp.ne 

f 
I 
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, 
the simultaneous non-repct1v1ty of secondary ::tl1:phRtic hydroxylst 

\<ThichJ ho-vrever, RCetylate easily. X1rby acetylated th~ almoAt 

completely methylated tann1n 1 and obtained evidence of some sub-· 

stltution, He thus concluded thnt n proportion of unsubstituted 

81iphntic hydroxyl -;ro up~ still exist in the methylf'.ted product . 

In order to e stabl1sh wheti::er ~.ny such free hydroxyl 

r;r·oupF fitill extst i!l thP. fully methylnted (36 .. 5~~) com~ound 1 it 
-

\vP s ll cetyla ted ~~ i t.h 9.cetyl chloride and pyridine f!.s previo v.sly 

described. AA solid pyridine hydrochloride ls knoir;n to be a 

demethylatin~ Rgent (248) the mixtur-e wa.s alloved to s ~and fo:c· 

only 15 - 20 minutes after the addition of acetyl chlo ~1de. The 

r->.c c tyl at ion of the m ~thyl~_ted tannins lUts t'!lso perf ormed by Stephen 

ueins nee tic anhy{lri •ie e.nd sodium acetate . 

Investic;a.tor 

Author 

stephen 

Stephen 

Stephen 

% -OCR, of 
~:nrting-~nter1al 

36.5 

36. 5 

34-»o 

34-.5 

% -OCH~ 'J. -·AC 
. 1n pi·oduct. 

34- .55 

34 .3 

30. 1 

}2.5 

3.,56 

4-.o 

5.4 

3.0 

Corbett also noticed ~ reduction in methoxyl value after 

the ncetylD.tion ot the methylated derivatives . AE·SUrning thn.t 

4-, 13 i A the correct r.umber of hydt·oxyl GTOUps per c15 un1 t the 

above result nnd the first of 9tephen 1 e are 1n perfect ngreement. 

(Fig. XXXIII . ) 
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!Io. of Groups 

Flg. XX.."<:III. The Vn.r1~tt1on of Acetyl ::-.nd l·iethoxyl Content in fully 
Sub!;t1tuted. ;:.l~c~': ·.:ottle 'l'r.nnlna ~tnd thclr 1Uxed Der1vnt1ves . 

r e.dicr.ls op.:;·e ..... r e t:> oCelli' N'l<i thus no "free" hydroxyl c;roups exist 

1n the r.1ethyln ted tl'.~r.1n .. Kirby 1 s f1ncl1n·;s P.re thus 1ncorr·ect . 

The ~bovc cvl~ence establiehe ~ th~t $ with the cxcept10n of 

poes1tlc tcrtir ry ~ llfh~ tlc hydroxyls 1n ~bnormAlly eter1cally 

1 ' 1 . n ~; ~~ c.t-: 
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It is to be expected that the major-l ty of the hydro.xy-· 

groups in the tannins are phenolic in chara.cte1•, a.s the basic 

bu1lding-stone6 ~..re i1~ and tri~ hydroxy phenols . Nevert.heleeB 

the presence of e,t least one aliphr,tic hydroxyl per c15 unit in 

tannins has previously been asRumed purely by e.nR.logy to t.he 

ca.techins 9 which have hitherto been regarded E1S 11 precU:t'$orsu of 

tann1ne due to their close association in nature. 

The assumption for black wattle tannin was partly 

supported by stephen i s (llt9) emphasfs on the extreme difficul·ty of 

the reaction between tannins and diazomethane in methanol-ether 

solution> and by evi;ience of the abnormally weak acidic nature of 

the tannins from con,iuct1metr1c t1 trat1ons (249) 0 

No thorough comparative study to confirm or disprove 

these trends has yet been attempted, and a synthetic study invol­

ving the use of diazometha.ne ha.e prompted a repetition of various 

methylation procedures. with the a.1m or establishine; the pr·opoi·­

tione -of n l1phatic and phenolic hydroxyl groups 1n the fundamental 

unit. 

Prav1ous Methyl~t1on studies 

stephen (loc . cit.) performed the bulk of the earliez· 

work and employed a ·1ar1ety ot methlating agentso ~11th dimethyl 

eulphate he obtained methoxyl values varying t~om 32% to 35.5% on 

repeated treatment, ;3.nd .regarded this as t.he most satisfactory 

reagent .. The major:L ty of investigators hP.ve subsequently obtained 



e. value of 32% metho:>:yl \vith ease, but fur•ther increase to a 

max1mwn of 36 . 5% lvas slow f4nd only effected by repeP.ted. react ion. 

stephen treated the ~bove material (34% methoxyl) with 

methyl iodide Rnd s il vor oxide J t'l.nd cr..used an increaAe to 36 ,. 5% 

He also methy~ated bl~ck wattle tannin s with excess 

dj.azomethnne in alkaline methR.nol-ether solution, but the :r·eaction 

proceeded with extrerre difficulty and PJl apparent mnximum of lS% 

\vas obtained nfter four treatments . In the absence of alkali 

the act i on of di.g_zometnane 1-raa equally difficult~ but ge.ve n 

product of 32~ methcxyl After eeveral trec~tmenta . The pre~enct~ of 
. 

alkali, therefore, ap:9nrently exerts an inhibiting effect. 

Discussion on Previous WOrk 

·.1 ith black vlattle te.nnins e. vo.lue of 36 . 5~ methoy_yl 

nppeR:r·s to be the maximum a.tta1na ble . This represents both 

primfll:'Y and secondary nl1phati c n.nd phenollc hydr·oxyls ~ at! it 

~.grees cloaely .with the m~_xlmum acetyle.tion ve.lue , nnd as L'Oth di­

methyl eulphF.te nnd methyl iod1de/s11ver oxide reagents a.L'e capable 

of methyl~t 1ng the :mor·e di.f'ficul tly I'eEtC'C1 ve aecondax·y e;, ~1pha tic 

g:c·oups ( 250 - 253). Other 1nvestir;ntors (254) nlso consider tha1'..i 

the complete action of dimethyl sulpho.te and sodium hydroxide on 

tnnn1ns rnethylP.tes both types of hydro:x;y groups . 

The slot-t o.nd difficult 1ncreA.se above 32% metboxyl using 

dimethyl sulphn.te, '\vas taken a~ 1nd.icative of t.:H? presence of ~11-

phDtic hydroxyl gro ups 1n blROk wattle tP..nnlna . Perkin (.2"57) . .. 



used this reagent fo2• the methylation of catechin. and continued 

using it until no colour change occurr•ed bett-reen acid and alkaline 

cmndi t1 one . All th(: phenolic groupe were thus satisfi.ed and the 

products consisted mr.lnly of the tetramethylether (all phenollc 

hydi·oxyls methylflted) ,and a possible low propoi•tion of the penta~ 

methylether (the o.l1phe.tic hydroxyl also methylated) , \f i til 

black wattle tannins; the colour-change beti--Teen alkA.l1~e and acid 

condit lons continues till well above 32% methoxyl, 1ndicat1ns !'I'ee 

phenolic groupA still at this stage of the reaction~ The solid 

product of 32 - 34.% rr.et.hoxyl is always liGht pink in colour and 
. . 

Kirby ( 163) F.ihowed tt.1A to be probably due to unrel3cted phenolic 

or quinono1d groups. When BUbJected to chromatoe;raphy on an 

alumintt column the plnlt colour was eliminated Rnd mA.terl?-1 r emained 

on the column which was extremely difficult to elute . 

From an oxidation stud~ Heugh (161) concluded that 

higher y1elde of o-tr1ruethylffAll1c e.nd veratr1c acids were obta:lned 

from mE'thylated tnnn1ns of }4- ,. 7% methoxyl than from mater1e.l of 

327C methoxyl p.nd that the former product '.-ras also more r•ea1sta.nt 

to permanganPte oxidot1on. 

This ind1roct evidence indicates thn.t phenolic Groups , 

prob~bly the ortho-hydroxY-phenol1cs, and not hypothetical all-

phnt 1c hydroxyla 1 n.re the last to methylr:tte i·rhen U6inr, dimethyl 

sulphate. 

Three fn.ct()rs) however, possibly contr·ibute to t he f!.nal 

slow methylP..t1on-rer-.ctlon or blAck wattle tannins ! 

(a) the f1seion of lebile bonds 



(b) the presen~e of secondary aliphatic hydroxyl groupe, 

and (c) the steric effects of ortho-hydroxy-phenolic groupe o 

The effect of one or nore of these factors might ensily be intensi­

fied when occurring in an amorphous polymer. 

Meth~rlntions with Diazomethane 

Th~ react ion of diazomethane with tannin must be 

regarded w1 th caution as the methyla. ting agent combines "lith many 

functional groupe~ Ketones (255), aldehydes (256)(257), as well 

as ethylenlc linkages and labile bonds (25S) are known to react 

under special experimontnl conditions, or 't-lhere these groups have 

specially high reactivities. 

Dia.zomethanH hn.e been used with lienins (259)(26o)(261) 

(262) as a means or evaluating the number of aoid1c hydroxyl 

groupe, ond also with tannins (2514-) for distinguishing betvteen 

phenolic and alcoholic hydroxyle. It 1s l'iell lcnown that such 

distinctions do not rest on a sound basis since the reagent is 

also capable of reaction ~r1th certnin aliphatic hydroxyl groups. 

The simple aliphatic· a.loohole am glycols (263) are not methylated, 

but Qelluloae (2614-) and soluble starches (265) react to a slight 

degree. According to Meerwe1n (266) the reactivity of an al1-

phat 1c hydroxyl group totvarde di~zomethane may be increased by 

the introduction of polar groupe to the o( -carbon. Thus allyl 

alcohol reacts very sl~rly; benzyl alcohol forme 13% or benzyl 

methyl ether, and d-tartaric acid with excess diazomethane forma 

95% of the dimethyl ester of d1methoxyaucc1n1c acid (267). Even 
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when further removed, polar groups still .r ... !'.ve a etrong in.1'1uen.~e a.r:c.. 

monoa.oetyl.»ethyleneglycol eaeily forms f~ -.methoxy ethyl P.ceta ~:;e 

(26J). 

In general the reactiv1 ty of i:'lyd:rox;yl groups, whethe:t· 

ac1d1c, phenolic or alcoholic ctepends o;1 thelr "acidic strcnr,th11 .• 

Acidic hydroxyl a :r·eact most rapidly and esterify easily with 

d1azomethane; the react ion with phenols 1s also re.p1d but deci'f!asea 

with decreasing acidity (26g) 1 whilst that l'llth alcoholic g:r-oupe 

1s vei·y slow. The aliphatic alcohols :~orm the lower end of t h:t e 

scaler and there appears no t4.baolute di71ding line between phenols 

and aliphRt1c alcohols . Compar·1eon must therefore be made ·with 

compounds of known etruoture to tnc1litate the 1ntel'pi·eta.t1on ot 

the reeul t s obta.ined tv'i th blaclc wattle 1;annine. 

The u.nfr·act1onated r·eact1on-·pl•oducts uere isolated by 

identical methons \ihere possible, and t1~eatecl as runorphous sub 

stance a, In this 1-{a.y only. could leg11i1mate direct oompar1son 

be ma.de with the amorphous tt=mnins. 

(a) Black Wattle Tann1na 

Diazomethane was prepared f1•on1 ni troso-methylurea. ( 269) 

·oy the method of AI·ndt ( 270) . 42 grme . of nitroeomethylu~ea wa8 

employed in each instance giving 350 mlo ethereal solution contr,_in--

lng atout 10 grms, diazomethane ~ Thia amount or reagent eneul'·ed 

sutf1c1ent excess for the conversion of 5 g:r1ne. of' pyrogallol-4-

carboxylic acid into the methyl ester of 3 ,4-dimethoxy-2-hydroxy~ 

benzoic acid, 't'li th the add1t1 ona.l f'm·mat1on ot a small amount of 



2 •. 3,4-ti·1reethoxybenzc1c acid methyl ester, e .~. eu:'ficient <.~xcass 

for· the cster1ficat ion ot' one ac1d1c pnd tt10 piwnolio l'l.ydroxyl 

groups per 170 molecular \Hl :l.r:;ht unit , 

3 grms. lead.--snlt purified blo.ck uattle tR:mins, 

dissolved 1n lOO ml" nbsolute Jnet11R.r~o1 1 t-Tero co·Jled tc OC)C~ # atlt~ 

added to the n.bove ethcre~l sollltion of di,<;:.zone thane kept tf:l.J·~r 

0°C, in P..n ice- salt miJ:ture . A vigorous evolu~ ion of ~~tro~~n 
~- ~ 

comp;.;rable to that; usu~lly RsmciA.ted tlit.h ncldlc r;:roupr~_, t,c.ol: :r:l~ce , 

'I' he 1·e~.ct ion slowed d :>t,'n a.ftei' 30 minutes, nn;':. the mixtm·e Lept at 

'.;,'ht c t!:et· 

D.nd poured lnto water. A :r.ilky emulsion re sul te0. \I!~ich ..,,;}.f bt·o~~:;n 

by the ad!'l.i t ion of fl. smn.ll ~.rr10unt of sodium chl·J!; ld.e. 

wh1 tc product ~·r:.s sue c;:ed off and ".;a shed '.Ti th \'ln::er nnd. f'Pecd 'f t·o:n 

~alt. 

32. 4-5.% and 32 . 35% met.::toxyl , 

sample of t.qnnlnst tbe :r-eectjon proceeding fol' 30 hours r:nd. t;:l.vint:; 

B. slightly higher VP.l.le of 33 ,07% methoxyl. 'l'he above product~ 

¥tere mixed and again :;ubjected to :1 further 24- hou!·:'f renctlcm u:.th 

dlazomethane increasing the methoxyl content tc }4.17'/.-, 

The latter prod.uct wan ttcetyl~.ted u:l. th P.cetyl chlor1dr;· 

1n pyr•id1ne . The product contnin~d 30.751. metho;.:yl and 5.61}: 

acetyl groupingr. corrt~epond1nrs closely tc thn }>revlously fo•J.nd 

T111 s d upli c~t lt'ln of 
. 

previous f1ndi ngs1 rts uell "'e the Bbsence of nitrog en in th(' :n~ :hy·-· 

lA.ted product) po1ntt1 ';o the absence of serious side r·eoct.::ons . 
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The ease and rapidity of the r~~action or excess diazo­

me thane \trith black wattle tannins is qui·;e remarkable and, there-

fore, contrary to Stephen t. a findingso or the total of l~., l hydroxyl 

groupe per c15 unit~ 3.5 react with eaee over 24 houre 1 ::.nd 3o75 

after 48 houre 1 reactionc The product ~ .s white, as comp~\red to 

tl1e flesh colour of metbyls.ted tannins tJ•om the dimethyl t1llphate/ 

G.1kali reaction, and gi vee a negat 1ve nitrogen teet by the 

J~eeaigne sodium fusion method . 

(b) Catechin XXXI 

Catechin was isolated from cubtt gambier by the met1 •)d 

The methyJation with d1azometha'9, 

repeated under· precisely the above oondi t lone, appeared slow. '.~.':e 

tihole reaction product ttJae isolated after 24 hours• reaction, dr1.·(1. 

over P2o5 in vacuum, and analysed . Four.d ~ % Methoxyl groupa : 
-}2, 30" More vigorous drying in an Alxlelha.lden gun increased this 

value to 33.13%. 
-

Ce.tecb1n conta.1ne ti ve hydr•oxyl groups ~ one secondary 

a.lcoholic and four phenol1ce 1 two or which are in the ortho~ 

position on a catechol nucleus . The above value represents just 

over 3~6 methoxyl groups per .c15 unit. 

(c ) Brazilin XCVI 

Judged by the rate or evolution of nitrogen, the react.ton 

of brazilin with diazomethane appeared ve~y slow~ The whole 

product was isolated as above and treated as an amorphous precipi-



tate Q After· dry1ng over p~o5 1 t contained 23 ., 65,% methoxyl groups, 
. 

and after more draet :~c drying in an Abderha lden gun, 23 ., 97fi 

methcxyl ~ 

Bl'a zili n cc• n ta il'lS a total of ~· hydro xyl groups pel' G15 
unit ;. one tertiary a :.col'lolic and thr ee phenolic 1 t "tvO of \rhich are 

in the or·tho pos i t ion on a. catechol nucl eus . The above methmcyl 

value corresponds to ju8t unde1· 2t hydroxyl g.roupe meth y l a t ed . 

( d) HaemAtoxylin XCVIII 

Haematoxyl:.n r eacts slowly but more rapidly than 

brazil1n . After 24 hourss reaction the white product -v;as ieolated 

as bef~re and. contained 22 , 30% methoxyl gr-oups . 
. 

Haematoxyl:Ln has f1ve hydroxyls per C15 uni t ; one 

tertiary a lcoholic, and four phenolic~ a.ll of rJhich are in ·:lrtho 

posi tionao Two are present in a catechol nucleus ~ and two in a 

3-ether-pyrogalloar .. unit . The above methoxyl value cor resp oncls 

to 2 )~ hydi•oxyl groupe methylated per c16 un1 t . 

(a) Catechol 

The reaction of catechol with dia.zomethane appears s low, 

After the usual t•eaction for 24 hour-s, the ether was I'emoved , t he 

r emA.1ning methanol solution filtered, and the product taken to 

dryness without pour· :ng into water o The whole product wae ar:aly aed . 

Found :. % Methoxyl ,., 39 . 10 ~nd 38 . g5. Theoretical for ve r a trole ~ 

The reaction with C9.teohol, ther~fore, goes a lmost to 

completion ~ 
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(f) Pyrogallol 

Recrystallieed from a. benzene/ethanol 

mixture} ~ 'l1he reaction of pyrogallol in methanol-ether solut1on 

e.ppeo.rf;d more vigorous than any of the a~oove compounds , i'l1 th the 

exception of the tannin 1teelf. The product l-taa treated in t.nc 

same \ie.y as ca.techol, and at'ter !l thoroueh heating to remove all 

the methano~ it set to A crystalline mass. 

1+7oOgo 

Found % Metho::cyl ... 

Th1e product W-3.9 treated with dilute alkali solution and 

ether-extracted . The alkaline solution contained a fair pr·op.:n-·-

t1on of pat•tly methylated or unmethylated phenolic mP.teriaL The . 
neutral ether extract was taken to dryness, and recrystallised 

once from an ethanol=water mixture. 

% Methoxyl groups ~ 52.,90. Theoretical for o-trimethylpyrogallol 

MPt. lt7°C. and % Methoxyl groupe '# 55o 37. 

The reaction was r·epeated using less pyrogallol ( 1. 5 grms) 

to the Aarne amount of d1azomethRne. Aft el:' 72 hour· e ~ rea.cti.on e t 

0°C . a trace of phenolic material still remained wh1 ch gave a red 

Fec13 reaction. 

The value of ~7% methoxy1 represents 2 " ~- 2 ~ 5 out of a 

poasi ble 3 hydroxyl a .:nethyla. ted. This value iA probably low sines 

the neutral fz•act1on contains e small proportion of impurity. 

Nevertheless the reaction ·'ioes not go to compl etion 1n 24 how· a) Clue 

possibly to steric hindrance. This is suppo1 t 'ed by He:r'zig and 

Pollak • e (271) finding that tf'.e methylseter of o-4-methylgalllc ~wid 
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requires repeated treatment with d1azometha.ne for its convers~on 

into Qr. trimethylgallic eater. The latter substance (2~3) and o-

t:t•imathyl pyrogallol (272) are thus usually prepared by drastic 

action with dimethyl sulphate. 

DisousE1on 

( 1) Diazomethane 1s known to reac·t '\-lith ethylenic .• a l dehyde , 

keto, o..lcoho11c and o.c1dlc hydroxyl gr-oupe besidee phenolic hy-

di·o.xyle . Ethylen1c and aldehyde groups are unlikely to be pre·sm t 

in the tannins 1 whilst ·acidic groups are knot-tn to be absent t"rom 

potentiometric curves (273). The carbonyl group or a ketone 1a 

not ve1•y reactive and in general ketones do not react 'v1th diazo­

methane except 1n the presence of n catalyst such ns water (255) . 

W1 th the exception of special cases the ree.ct1on betl·Teen diazo­

meth~ne o.nd aliphatic hydroxyl groups is very slow, and compnriaon 

hns thus been ronde vith compounds thoU[")lt to be closely allied to 

the tannin ~nd containing both phenolic and aliphatic hydl'oxyl 

( 2) In the react ion fJf dia zometho.ne l·t1 th braz111n and 

catechin under the above conditione~ lt groupe less than the tot al 

number available remain unmethylated , In each caee,one of the 

unmet.hylated groups tias almost certainly the tertiary or secondary 

aliphatic hydroxyl group respectively, as~except in special caRes) 

primary aliphatic hydroxyls react with extreme difficulty 1n 
I 

lai'ge excess of dia.zomethane , Catechin) for example ~ T:rhen vlr;o:t•ouol:r 

t r eated with dimethyl aulp.hnte, still retalns a proportion of the 



o11phat1c hydroxyl group unmethylated (S9). 

(3) It 'VTaa thought that the incomplete reacti·Y"it y of the 

roma.1n1ng phenolic groupe in catechin rmd brazilin t-tas possi b l y 

due to chelation or Eteric hindrance of ortho- hydroxy group s. 

S<}honberg and l1ustn.fo ( 271t) ~'?Ve show·n that din.zomethane 1n 

methanol solution is C:3.pn.ble of methyln.ting chela.tcd hydroxyl 

groups which n.re otheruise non- reactive . As o.ll the a.bove re-

actions were per formed in the presence of methnnol , it is unlikely 

that chelation effects ~-rould have much influence . 

steric hindrance thus appears a more likely fa.ctor>, and 

catechol and pyrogallol were there:rore treated uith diazomet hnne 

in methanol-ether solutions to assess the reactivity of ortho-

hydroxy sroupings . Catechol gave virtually compl5te, but pyro-

gallol 1ncomplete· methylation6 The incomplete reactivity of the 

hydroxy groups in the tannins tot-lards diazomethane might thus be 

partly due to .steric hindrance, but some other factor associated 

with ln.rge moleculnr size seems to be 1nvolvedo Thi s 1a supported 

by the finding that haematoxylin, structurally identlcal to 

br nz111n but . contain1ng an extra phenolic hydrozyl group in or tho­

poei t1on to both an ether linkage and a second phenolic hydroxyl~ 

g1 vea a methoxyl value Just below thn.t of brnz111n after methyla­

tion with diazomet~ane. 

(~) Black wattle tannins contain 4.1 reactive hydr oxyl 

groups; of which 3a6 :nethylate With ease 1n the presence of di~zo~ 

me thane over 24 hours, The methoxyl value attained ls t he arune ae 
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with catechin contalning 4 phenolic groupe, and the equivalent of 

one methoxyl more than braz111n with 3 phenolic groupe ~ 

Aseuming the absence of strongly polar groups capable 

of confer·ring abnormal :reactivity on aliphatic hydroxyls, it appears 

that all the reactive hydro.xyl groups in black wattle tannins are 

phenolic in character . The known pz·esence of ortho-hydroxy groups 

in the tannins 1R probably responsible for the incomplete methyla~ 

tion with d1azomethane over a 24 hour period . This findi ng is 

in conflict with previously-held notions regarding the constitution 

of the tannins, and appears to cast some doubt on the presence of 

catechin bodies in the phenolic fraction of the extract . 

Alternativ·ely7 it might be possible that aliph.at.ic 

hydroxyl groupe, capable of some reactivity w1 th diazometha.ne due 

to the pz·ox1m1 ty of polar gx-oups. ar-e present in the tannins . 

This is considered unlikely because ot the observations listed 

below~ 

(5) The appai·ent completely phenolic character of all 

active hydroxy groupings 1s supported by the observations : 

(a) that tannins in methanol solution during the reaction 

'tii th dimethyl sulphate and alkali, still exh1b1 t colour changes 

bet\-reen a.c1d1 ty and alkal1ni ty when nearly fully methylated , 

(b) t~~t part of the nearly fully m~thylated product 

is irreversibly abao1·bed on an alumina column,. as at•e other lar·ge 

phenolic bodies and tann1ns. This 1s accompanied by a reduction 

in colour as well as an increase in methoxyl value , and 

( c) that full methylation of the tannins 1s essential 



for obtainJ.ng hif;h J"iE1lda of vcr·atr1c a.'1d O"'tl'imet.hy:Lga111c acl.ds, 

;;.;hile e_ slight decr·~a.ne 1n methoxyl value causes low· yields ot 

these acids on oxidntlon. 

All these observations e~9hns1se thct in· t.he f1.n.al 

et:J.ges of methylc,tion with dimethyl sulpl-1ate J phenolic hydro:'::Yls r:. ~· e 

etlll being est1st'113d, 

The Act.ton o:r D~Llu:omethe.na on Tann1na in Acetone Soluticn .. 

Bla.ok vatl;lE. tannins are insoluble in completely n.Ti;lY= 

d l·vUS tlCetone r but di~solve in the presence of 0. trace Of 'Y/D..ta:r·. 

~:he tJ.nnins" in equ~ll brltun w1 th a tmospher1c moi etu.re, were thus 

d1aeclved in dry a:etcne instead of mettmnol ~ and the reaction 

pfL:for·med nu a.bove~ The courae of tl1e reaction E>J1d the pro..:. .lc-..,, 

app ear'ed e1m1la.I· to that prevlouely observed. % 14ct.hoxyl = )1 .. 20 

and. 31.02 . f,cetone ls known to react l-Jith dl.azomethane but 

rt:::tu1rea tho prese~ce of a fa1r amount of water as catalyst (255) ~ 

The pr·eeence of methar o l; kno\-:n to have a pronounced effect in some 

instA.nce e ( 274.) , ~=tppel.rs to hn.ve no special influence on the re-

e.e a on betvreen diazomE·thane ~:~.nd blRclt wattle tannlnso 

The Action of Diazomethnne on Acetylnted Tannin . 

Diazomc·thn.ne ln the presence of water la said to be 

c.?.prtble of 11 d1epla.c1ng:' the n.cetyl gz•oup of an acetyla.ted phe<nol 

{261'j) ~ but the diz·cct l'eact1.on \-11th the phenol ltsel:t' is mol'<:' ccrn­

pldte than with the acetylated derivRtive (275). Nie~enstein 

{ '?6} Llaed dlazomethane with p1per·idine as base to comtert tr·.1=t 



acetyl deriva.ti vee o:: protocatechuic acid and f3 -resorcylic acid 

to their respective 1nethyl ethers. He proposed extending th:ls 

method to acetylated ca.techln, but such worlt. 't.Yas not reported 1n 

the literature. Lo\>fi tt ( 159) claimed that the acetyl derivatives 

of alcohols were not methylated by d1azomethane/p1peridine in 

ethereal solution, and it 'tofas thought that this reaction would~ 

therefore be excelleat for distinguishing bet,.;een nliphe.tic and 
) 

phenolic hydroxyla 111 black wattle tannins. 

2 grme. fully acetyla.ted tannins (37.,5% acetyl) were thus 

treated vlth excess diazomethane in meth:mol~ether solution S.l3 

before, but a.lao 'tvith the addition of g grme. piperidine. The 

x·oact1on was vigorous but slowed down rapidly. /\fter standing 

for 64 hours at o0 c., the product contained 26~ 73% methoxyl and 

2.32% acetyl groupingso A further 4S hours 1 reaction with f~:'eeh 

diazomethane and piperidine altered these values to 27.55.% 

methoxyl and o. sa% acetyl. All the hydroxyl groupe in the tannins 

are not sa ti efied he1•e, dB the product could be methrle.ted to 

29. 6~ w1 th diazomothane only, and U>w1 tt in previous i'lork, sulJ~ 

st1tuted the full total of 4ol hydroxyls only by reacetylating th1e 

methylated producto 

Recrystallieed py~ogallol triacetate (51% acetyl) was 

also treated over a 3 day period w·1 th diazomethane and p1per1cline . 

Removal of the piperidine was difficult and required fairly 

draet1c heating. The product contained 19.53% methoxyl and Oo4% 

acetyl groupings. Herzig (277) recorded that the direct reaot1cn 

bet\'leen triacetyl=pyror;nllol and diazomethnne over 48 hours gave a 



product of lO )~f~ r.cttoxyl oontent ., 

Uyd.ro ly~1f of the ncetyl -:;r·oup by p1per1d1ne therefo!•e 

seems to be the 2'~··1r:tory 1 !"'nd r.tr thyl~t ion. 'il1 th d l :-tzo:neth:-,ne the 

r::ccondnry step in th1h re::ct ion. T~ere 1~ thus nppnrcntly no 

11 repln.cement 11 of r-cetyl "by r.:ethoxy l --;roupin~s. l'h~ presence of 

pipe~1dinc ~p;e~r~ to h~vc ~n inh1b1t1n~ effect , ns ln its Rbecnce 

methyl::: t ~('):'! vl th 1:1.[t zomcth .... nc procec:>ds further~ Such inhibition 

i~ not surpr1s1n~ as piperi dine et'..::lily ~orr.1:; l'"'bllc cor~pounds 

The octhyl~tion of 

. 
-:-ccr.:~ t0 !::~vP. n~"J _r;rl'lr..n~F~~:c over· the C.irect r·er-_ction, pnd no 

';he ;:he-no 11 c ~~roups in brn~ tlin ( 279) uere nethyl--.t ed 

.:-lcohollc hyrlro:cyl gro l.lj~. ml11iS I'c~c·•or· d~,, ,..Ot h.--••c·?e'" ['f'C t·.o 
.. t • "" ~ • " \. - ......., ;. .a 1 J.. 

1 
"'' '" v • ; o o/ ""' 

, 

~~oupin~e in the t~nnih . 

Tl1c rcnct ior.-concliticns f'or brnziltn we:::·c r·cpc,", ted \'"l th 



1.d:en r-. yellowiFJh c.:nor•phous precipitn.tc foroed. 

nctho:-:.yl . The procese •·ro.s repeRted t't·rlce on the -:.oove :;!'cdc..ct . 

incrensi~;_; the metho:;.:yl value to 29 . 22;~. 30 . +o;; ne tho xyl -.ra s 

:J.ttained after a foux•th rnethyl~t1on process .. 'l'hc l?..t ter· product 

\·rn.s P.dsor )ed on to an ~lumln::t column from benzol ftnd eluted with 

benzol co ~ ~aining 5% e~henol. A small a~ount of m~terial rem~ined 

on t.he co:u.tru) t-'Ji.(i t.h(' mcthoxyl content uas !'A.ised to 32.40~ . 

The 1n1 t iC'.lly !'c'pid~ but ovei'"'.ll slow methyl:" t ion of th~ 

tr..nnin : •1.th cH3I/l•leOlia. !'c'-'J ent ~s possibly the result of ( a) tho 

pclymerised n"ture of ~1~f· r::r-::tc-rlt:>l 0.nd {b) tl1C' relrttlvely hi:-:;~1 

CiCidi t:_.~ of or~c J but ~bno.:r·rn::-.ll~· low ~.~idity of the ::1. jorl ty, o! t h e 

tit:irf"t ~c·ns . 

!;e csttthli~hcd in this ~:n:y # r. :-1d. the slm.,.. but conti:\uous 1.ncrc.~~sl} 

Canclusior. 

The renction o-f C.lrz.o.rneth:~~c ::1th blncl: v:tttle ~~Hnins 

hr-.s bee-n shown to be r..n c~sy, rt'.pid !'enct 1::> n) y!eldin~ a t:hi te 

uno:ddis·~d product free fro~ ni tro(;en . It is superior to ~11 

other nethylntinr; .~;;en ts ~vith tht"' exception cf dimethyl sulp~~.t~J l 

..... ncl hc.f> .:nr-.ny n.dvnnt~.ge; over the latter. 

'I'.he er.t<;nt of ·his reaction t:-rhon compr.red ,:lith a ~tm•iei;y 

of ccmr.-c undsl h.?.B cstnlJlir.heC. the prcdom1n:-tnce of phenolic and 

'.i'he pr·esence of ortho-hydroxy pheno1.l~ , .. . 

t'<~; ·~~~l~~' I 

~BRA!Ir' ·, 
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groupe in the tanninn a.ppenrs responsible for the difficulty of 

the la.et sta.gee of mothylation, botl1 ,.r1th dimethyl sulphate and 

diazomethane. 

No differentiation between aliphatic and phenolic 

hydroxyl gr'Oups is ol>tained by N1erenetetn~ s 11 l'eplncement" reaction 

of ace·t;yl \'-lith methor...yl groups using diazometho.ne, n.s well as by 

methyla tions \>Ti th me1jhyl iodide and sodium methox1de , 

(vi) A st~;y of the Ortho-H_ydro:sy .G_roups and the .C.9_lorimetr,i.£ 
Behaviour or Black Wattle Tannins 

An assu.raed relationship hns always existed between the 

phlobatannine e.nd · true catechinso This assumption is baAed 

chiefly on their close aseociatlon in m~ny planta; on their 

similarity in det;rad.ll.tive products and q_un.lita.tive colour· re­

actions; on the facile conversion of .crystalline catechins into 

a.morphous products posRess1ng tannins properties; and on the 

abil1 ty of 'both to form insoluble red phlobaphenes 1n the presence 

of mineral ncidso 

Various structures and many condensation mechanisms 

have been proposed for the phlohatannine~ but in nll cases
1
apart 

from ring openl~) the intact cl5 unit has always been v1sua.lieed 

as the building stone for these amorphous substances. 

Black vn.ttle tannins a.ppeur to contain no such free 

catechin 11 precu.rsoz•s11 , but Yield clegra.dat1on products typical of 

the 2-phenylbenzpyrnne clnss of compounds on alkali fusion and 

permaneanate ox1dntion, .';lnd resemble cntechins in the formation of 

insoluble 1•ed phlobaphenoa. Combustion analysis h~ s c.lso shown 
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the tannins to be a Jault1ple or submultiple or the fo~mula 

c15H1206, and stephe:l, viill1ama~ Kirby and the author v.ll calcu­

lated tholr respect1·re analytical figures to a c15 bae1e. 

In the pre3ent invevtigation the application of a 

physical method demonstrated for the first time that some justifi­

cation exists for th0 a.ssumed relationship of black wattle tannins 

witi1 the C6-C3-C6 cl,t.ee or compounds. In addition 1t sheds 

further light on the nature of this important ta.nn1ng mo.terial 

and pl'ovides the ba.sLs fo:r a rapid method of tannin estimation. 

(Se•e Chapter VIII). 

Some Colour Reactions of' Black vlattle Tannins 

Pyrogallol ) catechol and resorcinol nuclei are present 

in black wattle tann:!..ne. 1?he colour reactions of the parent 

matez•ial should thus furnish important evidence as to the state 

of combination of those basic units, and Russel (136) has already 

listed many of these . The ferric chloride reactions; lthich 

supply much 1nforma.t~.on, have been repeated on authentic commer­

cial and fresh bark t.1xtracts 1 a.nd other-a e.dded to the already 

long list. (Table JG:V). 

Alcoholic ferric chloride (Ool grmo phenol in 20 ml. 

absolute ethanol - 1 drop aqueous ferric chloride) seems to be 

the most discerning of these reagents, since it gives no colour 

with resorcinol, orc~~nol or phloroglucinol. and the colour· developed. 

with the tannins is charaotet•istlc of PYl·ogallol, but different 

fror,l catechol. TheBe solutions were examined apectrophotometx·icully 
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TABLE XIV 

1 
Colour Proiuced by J 

;teo.gent 
Black \·tattle ! :uoroino l 

I 
Tannin pyrogallol Catechol I 

I 
Aqueous Fec13 Blue- black Blue-black Gz•een Violet 

f&.llowed by 
ppt . 

Alcoholic Clear blue .. Blue- black Green No colouz· 
Fec13 (136) blaCk 

FeCli - NaHCOf Ul tr a-m.,..I•ine Ultra-mflr1ne Ultra- No colour· 
(ema 1 amount marine 

FeCl~ - NaHCo3 Red Red Red No colour 
(e cess) 

FeCl) - Na.2C03 Red Red Red No co low· 

Fet·rous Vlolet- blue V1o let-blue Green no colour 
Tartrate (2Sl) 

Ferrous Vi.olet-blue Violet- blue Violet No colour· 
Tartrate - blue 
NH10cetnte(2Sl) 

Phthalic Anby- uea.k weak llone Ver·y str·ong 
dr1de - ZnC12(121) fluor·escence fluorescence fluox·e scene e 

Osmic Acid (206) Blue- black Blue- black Blue- No colour· 
Black I 

Glyox~tl1c Acid Brown ppt. iL!ght-blue . Violet Blue-black 

I (2g2) 

(Fig ~ XXXIII) . The tannin P.nd pyroGallol complexes exhibited 

eimilnt• mnx1ma ~-t 6oo II)U, whilst that of catechol occurred at 700 x:y..t? 

Although th1 s difference ex1.st s ln e.c1d so lutionJ ferrous 

~.nd ferr·1c comple:~es ~:i th pyr ogallol, catecholJ catechin ~nd gRll1c 
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Fig. XXXIV. Fe~rlo Complex 1n Alkaline Solution . 
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ao1ii (e.g. orthodihydroxy- and orthotr1hyd1"oxy-phenole) and also 

black wattle tannin, in neutral and alkaline solutions give 

similar colorations (Table XIV), ru1d maxima at the same wavelength 

(Figeo XXXIV and XXXV) o 

This 1nd1oe.tes that only two hydroxy groups in ortho 

poa1t1on are eeeentie.l for complex formation with ferrous and 

fer1·1c salts, and spe.tial ocneidera.tions make it very improbable 

!'or all three vicinal. hydroxyls of the pyrogallol type to be 

invol·ved sirnultaneouely., osmic ac1d ( 206) also forms the same 

blue colorations having identical absorption m~~1ma (545 m~) both 

with pyrogallol and catechol. Silbermann and Ozorovitz (2S3) 

conside:r·ed only t\'m .hydroxyle to be involved in coor~'ilnate links 

in ferr1gall1c links both in acid and a~k.o.J .. ine solutione. Zetzche 

and Looeli (2a4) 1:1howed that one part of :t'erric iron combinee 

with one part of both orthod1hydroxy- and orthotr1hydroxy~phenole, 

a.lt.f'l..ough they erroneously believed all ttu:•ee hydroxYl groups ·GO 

be tnvolved in coordination in the latter case, v1:1. th :Jro to oat e-

chu1o and gallic ac1d.s they even included ·the carboxylic group in 

complex formatlon (28.5) although these compounds produce a1ml.la.r 

colo:t•ations to catechol and pyrogallol. 

Complexes formed with orthodi.hyd~o:r..ybenzenes are 

similar to the anionic 11 ato" complexes formed by diba.e1c oxy-

acide (2g6) o The or·thohydroxy chelate group a~ Joined through 

t\10 a. toms to the central ferrous or ferric a. tom and so forming a 

ring, give complexes of exceptional stability. Thus catechol is 

capable or forrlling complex anions 1-11th 27 metals ., Mono-~ di- and 
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tr1-hydroxyphenols containing no orthohydroxy groups; e , g. 

phenol . resorcinol c.nd phloroglucinol, also form colorations W1 th 

ferric chldride in acid aolution . As they are weakly pro t on-

donRting wlth only one .hydroxyl coordinating~ the complex is 

easily broken in the presence of c-.lcohol or il'eak alkali {Table 

XIV). A pP..rnllel ie fou.?Jd ~i th oxalic an<l other di bnaic acids 

w·hich form more numerous ond more stable complexes than the mono-· 

carboxylic acids such as acetic a.cid . 

'!'he Jablonski test . { 121) for quebrncho P.Ild mimosa 

~ives a very uec.l~ fluo:r·escence \vlth pyrogallol but not \'Tith its 

The fl~rescence developed by 

black wattle ta.nnin is also very 1-realt, comparn.ble to that deYeloped 

by mor·in, and it is possible that some resorcinol nuclei linked 

~y carbon chain only, exist in the tannins . 

The so que..l1 to.tive colour J:•eactions, thei'efore, only 
II II 

indic~te the cert~in existence of free p~~ogallol nuclei , The 

ferrous tartro.te ren:;ent used below gives no colour vi th resor -

cinol. orcinol or mor1n) and the colour developed with the tannins 

can only result from the coordination of orthod1hydl"oxy or ortho­

trihydroxy groups attached to the tannin rosidues . 

Development of the Co lorimot:r·ic lo1ethod . 

Mitchell (2Sl) devised n colorimetric method for the 

quantitative comparison of pyrogallol and gE~.llic acid , whtch 

depends on the formation of a blue-violet solution on addition of 

a ferrous tartrnte reagent to a dilute aolutlon of these phenols . 



'rhe 11"..1•omogen1o gr·oup appeared to be the three ·r1c1nal aydrox=·J.s, 

and the 1ntens1 ty of r}olour developed was apptU' •mtly the aaJf·E for 

one equ1 valent of the pyrogallol nucleus 1ndep£111ant or 1 '!, s ; tate 

of c'Jmb1nat1on. M1t •:::hell attempted ite a.pplic:1t1on to gal::!o-

tannin, but Jbtained -rar1able results duo to t te non .... homogm.e1ty 

of the tann1:lg mater·1ill , Fe claimed that th£ col.our deveJ r1ped 

\1>1.9 epec1!lr.; tor the pyroga1lio grouping, but ?rice ( 2S7) fJhowed 

tha:L two hydr·oxyle in ortho~poei t1on wel~e EU~ f1o1ent for· ;;he 

forxrat :L~n of the same blue-,r1olet oolornt1on ~ ACCOl-din•;ly :I 

Price att ttmpted the e~tenaion of Mitchell' e color1metr1( method 

~o cate.chc:l derivatives, but found tha:; altnough it '\.,as eat1et'ac­

-. ~I·y tor· t 1e oompe.:r·1s:>n of catechol wtth catechol, pro' ~catechu1c 

£L\ 1d. T''l th J:.rotocatechuic acid and ca tachin w l th cateol'L~n, the 

cot.orimetr1c ra.tj.os o bta1ned ~then corrparinc t hese aub 1tances with 

e~v h other rTt"~rc 1.1nsat1sfactory . 

The mF.in cr1 t1ciem of th1e '-•ork t<~aa tha.t tt e hydrogen­

len concent.t·ati m was not taken into account , especi.1lly as the 

vio:..~~t colour c r Mitchell ; e reagent wa.a dischar-ged ~:c rt light 

green on reducing, a.nd converted to a pronounced orange on 

ra1s1\·.g the pH, Glasetone ( 2e8 ) showed the vital 1mpo1·tance of 

pH cox1trJl in th1s color·imetr1c method . By vury1ng the pH of 

variot s ~)yrogallol nne catechol de1'1vnt1ves in the presence of 

t'er1·o~ s 'jartrate reagent he f ound that 1n nll oases the violet 

colouz developed over a variable and limited range, and that the 

maximvm colour development occurred ov er the very nal'l'O'\i range 

pH 7. 5 ... B. 0 .. With th1e st ric t p H control a molecular color·1., 
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metric relation is completely valid, nnd it has been so repeatedly 

conf1lmed that it wae regar·ded as 1ncontrovert1ble (2g9)o From 

Pr·ice 1 s work Glaaetone showed that ~:ven 1ti thout pH adjustment the 

colou:i· developed by o. 1% protocatech.\ic acj,d and catechin solutions 
. 

was inversely proportional to theii' mc.,lecul.ar weights , 

Prelimin~I::l Spectr·ophotomet! ic Examination 

ot Ferrous Comple~ef. 

In afore-mentioned work Nessler· tubes were employed, 

but in this invest1gatlon a Beckman Model ~:u spectl~photometer was 

used to examine the complexes and to meo.suze the colour·- dens1t1ee 

developed ., To establish whether orthodihyll.roxy- and orthotr·i-

hydroxy-phenols foi'm similar complexes uith t'errous tar·trate 1 

dilute solutions of these compounds were tre,~ ted \'ti th 1>11 tchell 1 a 

~eagent and ammonium ~cetate buffer•, and the aimilar blue-violet 

colore.tions obttlined examined over the range 300 - 1000 m)l. The 

r·esul t lng cur·ves all show e.bsorpt ion maxime. in the region 5~·5 mp 

ir:respect1 ve or conc.;ntration, and go to complete extinction Just 

belm-1 300 mp. (, F 1g. XXXV) ., 

behc;.ve el.milarly. 

Catechin and black 1;{attle tannins 

The abovo s.)lutiona were all of pH..., 6_6 - 6 ., ~ au~ 

subsequent adjustment to pM g.o - S.3 with dilute ammonia showed 

no effect on the max1~na or shapes of the curves of ta.nnlns, pyr·o-

gallol and ge.llic acid, but caused a striking difference 111 the 

case or catechol (Fig, XXVI} and catechin. ( 3eo Figs .. XXXVIII - XL) . 

In the nbov3 curves (Fig. XXXV) the absorption maxima 

at 545 ID)l ar•e most se:1 sitive to alterations in concent:t·e.tion , and 



all subsequent abso1pt1on density measurements were thus taken at 

this wavelength. J.a the previous work of Glasstone had shown 

that t..~e aolour-dennity varied with pH, and o.s the catechol com­

plex was obviously less stable than that of pyrogallol, measuz·e-

rnent s were taken over a. wide pH range. The complexes obey Beer ' s 

law ovet' a limited concentration-range. (See Chapter VIII). 

The ferrous tartrate reagent used contained 1 grm., 

A.R. ferrous sulphate and 5 grms. C.P. Rochelle salt per litre. 

This was always freshly made up and used immediately. The lead­

SRlt purified tannins were dri~d at ll0°C. for 2 hours in an 

Abderhalden, and_ the phenols over P2o5 in vacuum tor at least 

4g hours. 

5 ml . or £~ exactly 0.1% phenol or tannin solution was 

treated with 25 ml. fresh ferrous tartrate reagent and diluted to 

100 ml, The pH o! this solution waa usually about 5o 6~ showing 

a light green colour with catechol derivatives, and a blue colour 

with black wattle te.nnin and all pyrogallol deri vat_1vee. This 

pr-ocedure was now repeated 1 diluting with water first to 80 ml , 

then adding 1, 2, 31 5 and 10 ml. amounts of lO% ammonium acetate 
4 

buffer, and finally diluting to 100 mlo The pH values of these 

solutions corresponded approximately to 5.91 6"0~ 601. 602 and 

6.4 r espectively and showed an increase in absorption density with 

pH a.t 54-5 m)lo Similarly the pH was raised to go 4 by addition of 

dilute ammonin to the ammonium acetate buffered (10 ml" of 10% 

solution) solution before finally diluting to 100 ml", and the 

absorption densities determined in each case . Beyond this point 

a l' edd1sh colour dev-eloped resulting in a slow reduction of the 
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absozption density. 

The resulting cur~es (Figo XXXVII) re~emphaeise the 

stmilarity between black wattle tannins and pyrogallol previously 

fo tmd quall tatively w1 tb ~lcoho11c feri•ic chloride 0 Assuming 

therefor·e, a moleculnr weight of 2gg for black wattle tannin from 

the empirical formula, the molar extinction coefficients may be 

calculated from tbe formula 

D 

C X d 

Where D • absorption density 

C = concentration in moles/litre 

and d : thickness of the cell in cmao 

.'tABLE JCY. 

pH 010 6. 5 

Black Wattle Tannins 26370 
Pyrogallol 2,370 
Catechol 6o2 

3- Ethoxypyrogallol 708 

2~428 

2,342 

1,661 

1,6-,g 

In the ferrous-catechol complex the coordination between 

the o~thohydroxyls and the ferrous atom is weaker than in those 

ot the pyrogallol and ta"l..~ins, and a relatively high pH ie t·equir·ed 



-25S-

Pyrogallol 

O.b 
Catechol 

0 .4 
Blnck Wattle Tan jns - - _ .. ·- - - - -- -- - --· -- -- -· - -· - - -

/ 

_.,// 
' 

0 .2 I Catechin I 
/ 

l / -
0 " --..,--

5.4- 5.,g 6 :l2 6.6 t.b t.l+ T~S g ' 2 g ~- 4,. 

pH 

f'1g, XXXVII .. Variation of Absorpt1on Density \lith pH ut 545 ~-

>.. 
·P 
..-f 
tfJ 
~ 
Q) 

:::\ 

t:! 
0 
..-f 
.p 
0. 
~ 
0 
tO 
,0 
·:: 

0 .. 6 

0. 4-

OJ 

' l 
~ 

\ 
I 
\ 

o" o-i-------.,------,.-------;--
300 4oo 500 6oo 700 

wave-length mp 
F1g . XXXVIIL. J~'el'roue Complexes at pH 6,4. 

Black ·w:;.ttle 
pyrogallol 

Catechin 
Catechol 



..,259-

0 6 _I ' 1\ 

•\ 
>a 

• I \\ 

"'"' I 
,, 

~ 
til 
a I 

\~ 
OJ 

(.:l 

~ 0.4- ' 0 ~ ........ - ..,.. --. ___ 11'_.. .. -~ 
.-i . - .... 
.p ~ ..... 

~ ''=- B1kck :inttle 0 '• 
U) ' tl ........ 

\ ~ " .. -· ... , ... 
0.2 - P~' ogallol 

Cn echin 

o.o c •• ~echol 
300 4oo 500 6oo 700 

wave-length ny.t 

F1go XXXIX~ Fert·ous Complexes at pU 6,.6, 

• I 

I 

I' 

o.6 \·_\ 
>a \ . 
~ 

' ' 
...... 
co 
c \ \ 
co 

\ \... - .. -., ,.. ,_, 
' . .._ ' ... 

::::: 0)1-- \ ~ ---......,._- -I ' - ' ..... 
0 - -·-, 

~~ ..... ,~---
~ ' ... ' ' ., E' '-.,:. ' 

' ' 0 

•'\ "'', Bl· 
m ck Uattle .0 
< 

0.2 "' ? .. ogallol 

utecb1n 

I 
Catechol 

I 
0.0 I I I 

300 4oo 500 6oo 700 
ltave-length mp 

1-,lg., XL . Fert·ous Complexee at pH 8.1~. 



-260-

fo~ complete coordination, Catechin, }-methoxypyrogallol and 

3-ethoxypyrogallol a::.l behave in the same way ae catechol~ whi lst 

o-tr·ihydroxyphenols behave as pyroeallol, Not only do black 

wattle tannins and p~rrogallol behave s1~1larly over the ,,,hole 

range pH ::: 5.6 - S.l~ but their molar ext1nct1or. coefficients 

correspond rema.rkn.bl~r 1trell \-!hen nssumin:; the empirical formula 

C15H1206 for tpe tannin . These results are reproducible ancl 

shoti 11 ttle vnriation. The stability of the ferrous tartrate 

complex ie discussed in Chapter VIII . 

Comparative $pectrophotometr·ic Examination of 
Pyrogal~.ol, Tannin, Catech9l and Catechin. 

In the nbove vork the coloW"'-dens1 ties fo!• pyrogallol 

a.nd catechol l!ere muc1h ·.hir,her thnn '.ofitb catechin and the tann1ns
1 

and although the cor.t;•lexes \-lere fowtd to obey Beer 1 a law over a 

limited rnnge, the concentrations of the former solutions 1-1ere 

novr reduced so ns to furnish equi vnlent proportions of or·thohy-

dr·oxy groups . These compoWlds could thus be compared on e. 

similar basis ~~d mEny anomalous . effects eliminated. 

catechol, 0.0434- grne . pyrogallol and 0.10 grms . catechin and 

tannins ~'I ere made up to 100 ml.. ne before. To 5 ml. phenol was 

added 50 ml. water 1 5 _rnl. of 10% ammonium acet~te buffer t 5 ml , 
. 

ferrous tartrate reagent (0. 5 grm, ferrous sulphate and 2 . 5 g:r·rns . 

Rochelle salt pe:r · 10 ml.) nnd the uhole mn.de up to 100 ml . 

gave a solution of pH = 6. ~~ uhich was examined spectrophoto-

metrically over_ the r~nr:;e 300 - 700 ~· . The above was 1·epea.ted 

on solutions of pH • 6. 6 (10 ml" buffer) and pH~ S.~ (10 ml. 
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buffer + dil . ammonia) as before. 

The resulting curves (Flgs . XXXVII} XXXIX and XL) again 

emph.:-:..a1 se the similar~ ty betueen the to.nn1n n.nd pyrot;a.llol and the 

diffe:r.ent colorimetric behaviour of catechin nnd catechol . Cate- · 

chol and catechin shot·! low·er absorption dens!. ties at pH""' 6. 4- and 

6., 6 but at·tain s1r1ilar values at pH u. S,4- and 545 mf. 

Confirmation of the colorimetric ratio between black 

wattle tannins ~.nd pyrogallol by compnriaon vt1th some other O·-

t rihydroxyphenolic bodies, is deairnblo. Suitable polyphenols 

should contain no strongly polar grouA Nh1ch could influence the 

stability of ·the complex or the degree of coordination,. 

Casuarin, identified by Oeima (200) as a d-gallocntechin 

'lrla.s isolated. from the bark of Caeuarina equiset1fo11a for this 

purpoee, but wae foun-i to contain an admixture of catechin by one­

and two-dimension~l chromatography . (Soe Chapter V) . Due to the 

low yields of casuarin the eeparat ion of the t'\m constituents on 

a s111ca gel by Bradfield and Penney 1 e method (112)(113) ~faa 

not fes.aible . The arrival of green tea 1s oJ-ta1ted .for the sepnr?-

tion of gallocatcchins for this purpose. 

Examination of Ferric Chloride na Chromogenic Reagent 

The Rochelle salt in the above ferrous tartrate r-eagent 

probably acte as an efficient 11 ma.sk1ng ngcnt" since it is used ns 

such vlhere ferric sulphP.te is employed as a tanning material under 

bnsic conditions (290). Ferric chloride normally causes the 

1'j,·~:::\..i.i.p~ta:t1on of tannins nlthoui;h l.t forms stable blue complexes · 



wi t.h catechin, pyr·ogLllol and other or·thodihydroxy compounds 1n 

alkaline soluti ons . ~~ attempt was thus made to use it in the 

presence of a "ma.skir;g agent" . Although etn.bla coloul'at1ons 

were produced with Ct.teohln and py:r•ognllol l"1th ferric tartrate 

reaeent in the presence of the ammonium. acetate buffer, n colloi·-· 

da.l e f fect developed slowly 1n the presence of ·tae tannin, and the 

method was discarded . 

D1acuaa1on and summar-y 

( a) Pyrogallol, catechol and their derivatives form 

complexes w1 th ferrons tartrate in neutral solution which ar·e 

identical in colour ~nd have absorption maxl ma at 5~5 ~~. Only 

ti·lo hydx•oxyls e.re thE.·refore neceesary for tho formation of the 

complex. This is tc• be expected as the spacial arranBement 

of the hydroxyls on s pyrogallol unit would make 1t impossible fol' 

all t hree to be involved in complex formation " These complexes 

involving five- membel•ed rings e.re similar ·~o tbe anionic type 

formed by d1basic ox;r - ac1ds and are char-acterised by theii· 

excep~1onal atab1lit~o Other· hydroxybenzenes are only ''~eakly 

proton,odonating and t.nstable and do not form complexes undei· the 

condit ions of the eXferiment< 

(b) The molar- extinction coe!'f1c1ont at 54-5 mp. for catechol 

is lO'!tlei· than that of pyrogallol over the pH l"a.."lge 5o 6 - g. 1+. 

Th1e f nct was also ot•ser ved by Price (2g7) and Glaastone (28S) .. 

The c c,o:r·d1nat1on 1n the catechol complex i~ thus wee.ker than 1n t11e 



pyrogallol complex. Potentiomet1•1c (273) and conductlmetrlc 

evidence (24-9) shmv-e that B.lthoUGh the stronger hydroxyl a in 

pyrogo.llol n.nd catechol titrP..te over nearly the same pH range , 

the second hydroxyl group of catechol is much weaker than hydroxyle 

of secondary at:rencth ln pyrogallol d The stronger coordination 

in the latter unit is thus p:r·oba.bly due to the enhanced acidity 

conferred on t11'0 orthohydroxyla by the presence of a third in 

juxta.posi tion in tlle pyrogallol · nucleus, The ae ideas were con-

firmed by a study of the 3-alkyl ethers of pyro~nllol . 

3- methoxypyroeRllol. uas synthesised by the conversion 

of guaiacol to O·-vn.nilli.?l ( 291) end oxidisinG the latter lvlth 

all~'ll~ne peroxide ( 292) 1 aa methyl iodide was not available ·for 

direct synthesis . The product \'las not (Ui te pure even after 

leo.d-sD.lt purification (293) ~.nd vacuum . d.istill~.tion . It r;ave a 

pH-absorption density curve $imilnr to cc..techol, and at pH ""' S . l 

nnd 545 Irf E n 1 } 55~ " 

3-ethoxYPyrog;1llol was e,;.sily synthesised fl'om ethyl 

iodide ~.nd pyro~D.llol (293) . The . pH-~~sorption density curve 

i·:a.s sioilar to the.t of catechol ~.nd 3-metho::;cypyrogallol . At pH ... 

e.2 and 54-5 JJ¥l E :& 1~63g . (For cn.techol €. =: 1,661 _) 

Ths 3-allcyl .. Ghers of :pyro?,.rtllol thus behave simila:r·ly 

to catechol ancl r;ivo the snme mol f.'.:r e':tinction coof'f1cicnts lit 

(c) The molo.z· extinction coefficients for pyrosallol and 

1ts derivntivos at ~-5 rr.?l m::tintft1n ~Jl even rto.ximwn from pH :== 6. 4-



to pH ~ 8.4" Those for catechol and its derivatives increase 

rapidly Y1th incroas1.ng pH and only atta.1n n. maximum at pH .. 7.9. 

This 1e probably due to t.he greater stability confei':r'ed by the 

strong coordination in the pyrogallol-ferrous complex as compared 

with the relatively ~eak coordination in the catechol complex. 

True pyrogallol and tatechol nuclei cannot therefore be compared 

with each other at relatively low pH values. At higher pH values 

the absorption densities of pyrogallol and· catechol derivatives 

are nearly identical (Fig. XL) . . 

(d) Black wattle tannins and pyrogallol form ferrous com­

plexes ''~h1ch behave identically over the range pH~ 6 .. 0 - 8.4-

(Fige" XXXVIII - XL). No decline in absorption density ovex• the 

range pH a 7.g-6.6 typical of catechol derivatives could be detected
1 

although a low proportion or catechol nuclei are kno~-n to be presa1 t 

in the tannins from alkaline degradations, and the permanganate 

oxidations of the methylated tannins. The molar extinction 

coefficients of pyrogallol and black wattle tannins show agreement 

assuming a basic unit of c15H12o6 based on ·the empirical formula . 

This ~ay be a chance agreement, and further confirmation must be 

sought from galloontech1ne. 

(e) This color·imetric study shows thnt black vrattle tannin 

contains a very high proportion of 11 free" pyrogallol nuclei, wh1c.h 

are attached to the rest of the tannin by carbon chain only. It 

thus supports the evidence from the degradation study where the 

1eolo.t1ons of e;o.llic acid (f:r·om alkaline fusion) and 0-trimethyl-



ga.ll1c n.c1C.. (from pertlanga.nate ox1datlon) in high yields~ wer-e 

obtaJ.ned.. The pyrogallnl nuclei, the ref' ore, appeEP' t1) :I fl~(;)eH not; 

only a.fter methylation but also 1n the t anni n itself. 

(f) This study provides an excellcmt ·basis for n. col:)rimctric 

method. ~f tD.nnin anul;rs1 ·1 (See Cho.ptel' VIII ). 

(Vii) 

For determining the presence of' carbon-linked methyl 

e;roups the: me t hod of l3arthel and Lafore;e (29l~)- -.v-as applied, Al-

though not o. completely quantitative est1mn.tion, the rermlt 

obts.ined dependinG on thH position of tho group, 1t r;ives a gooc! 

qu.alltati ve indication of the presence or ab sence cf such groups ,. 

The method \ia.e sta.1'1C.n.:.,cl1!3ed against a variety of compounc1s. 

F'ound 

Compoun~ 

Crotonlc Acid 

Orcinol 

o-Cre·aol 

Lea~-aalt purified tannin 

G.hromatoe;raphed methyln.ted tannin 

M.or·in 

No. of C-CH3 sr·o.'-lPaa .P...er molecule 

0.95 

OJSJ 

o .. S!t 

For the tannin a.t1d 1 t s roethyla ted O.or1 vat1 ve the 

empirical formulae col.:.re spondlng to the molecular weights 290 · c-::.nd 

.3~-6 '\'tore ueed for calo~la.t1ng the number of terminal methyl g:t·oupF.l. 

The above values e..re belov;thoae obtained by Kirby~ \-!ho 



found 2 ~ 1% terminal methyl groupe in methylated tannins derived 

from the ~cetone extracted fraction of the commercial extract. 

As mcrin contains no terminal methyl groups but nevertheless gives 

a low value comparable to that obtained from the tannins, car·bon-

11nked methyl groupe may be assumed to be entirely absent . 

(viii) Eas111 R,educible Ethylenic and Carbonyl Gro!ll{s ; o. HydtQ;­

.f:tSnation Stu~ 

Useful eviience has been obtained from the hydrogenation 

of 11gnins by the isolation of propylcyclohexanol derivatives 

(295 - 299) from amongst the react1on~producte resulting from 

drastic hydrogenation and hydrogenolys1s. Stephen (149), there-

fore , attempted a similar degradation of acetone-salt 11 puz·ii'1ed1$ 

black wattle t?~nine us1ng water as solvent, nnd Raney nickel and 

coppe" chromite as catalysts, at high pressures and temperatures 

for prolonged periods. From large-eoale hydrogona.tione he 

obtaLied much blackened and p~ogenetically decomposed material as 

well as good y1elde of clear oil . This oil obviously consisted 

of a mixture of constituents which could not be separated . 

Silk (152) continued this work and showed that water· was 

an unsuitable solvent as a large proportion of the hydrogenation and 

hydrogenolysis products were wa ter-ineoluble, and tended to char 

on the sides of the l'eact1on-11ner. The tannin appeared to lose 

its \vater-eolub111ty after only slight hydrogenation. The 

selection of a solvent capable of dissolving both the tannin and 

its hydrogenation-products wa.e obviously desirable. Silk used 

less drastic (lower ~empernture) conditione and showed from 



molecular· weight studies that stephen was Wljuetified in using 

a C15 bae1e tor the comparative analysis of the hydrogenation 

products, as the oils obtained tell into an average molecular 

rar~e 114 to 216 . Silk also found a variable average number of 

hydroxyl groupe in the various rractions of the oil obtained from 

the fractional distillation of the l-lholo product. 

pound could be isolated from these fractions. 

No pure com~ 

Both Step.t.en and Silk failed to sepo.rnte identifiable 

compounds from the cile produced on drastic hydrogenation o.nd 

hydl'ogenolysie. Tcis was possibly largely due to the fact that 

neither investigator fractionated the oil thro~~h an efficient 

column (e.g. Widmer type (300), on which the successful separation 

of the propyl-cyclohexanol derivatives in the case .or the lignins 

depended) 0 The tannineJ howeverJ are known to consist of cate-

chol , pyroge.llol r'Jld resorcinol nuclei as compnred vith a s1.ngle 

Kbas1c" molecular type (e.g. phenylpropane) in most lignins" 

The o.ihyd~1o and trihydric phenols have been shown by Fujita (301) 

to be reduced, during h1gh tempe~ature hydrogenations in the 

presence of a nickel catalyst, to a. variety of mixtures consisting 

mainly of cyclohcxane or cyclohexanol derivatives. Thus 100 

moles of resorcinol forms a mixture of 47 moles of cyclohexanediol~ 

1,3, 22 moles of cyclohexanol, 4 moles of m-hydroxy-cyclohexyl-

phenylether, and leaving about 5% unreduced resorcinol . Catechol 

1s conve.r·ted to 74% cyclohexandiol-1,2 'tY'hile 12% remains unchanged~ 
. . 

and pyrogallol changes to a mixture of 55% cyclohexantriol~l,2,3:• 
. 

21% cyclohexand1ol and 5% unchanged pyrogallol. The hydrogenat~on 



of a mlxture of these three phenols under controlled conditions 

could, therefore ~ poe.siLly ~esult in n product contninins nt 

least nine compoUl'1ds . The nP.ture of the products obtained ~-rould 

depend on the solvents used (302); on var1nt1ons in the ~ixture 

hydrogenntcd (303); en the catr>.lyst.s employed; on the temperature 

anc1 len(;th of the ree.ction ( 301+) as uell as the rate cf shl:'lci~g 

;·11th ,9henole, no stepuise reactions occur but a series 

of par~.llel independent ren.ctions result ; ; producing a vide vari.B ty 

of hydrogenn t ion prod.uct e ( 306) • Hydrogenolysls of phenols also 

occurs easily and is difficult to control . 

Because of ·the mult1p~1city of hydrogen'a.tion-products 

tlhich are formed from sinc;le phenols · ( 301) ( 307 - 309), coupled 

\vi th the different hydrogenntlon re.tes of va.r1oue compounds ( 310); 

their posF.ible influence on each other (303) anQ the fact tr~t · 

hydrogenations ltf-11 split CEtrbon 11n1~s ( 311) ( 312), it 1 s obvious 

that the products f ormed from the te..nnlns, even under controlled : 

conditions, uould .be extremely complex . . This appcP..rs to be con~ . . . 

f iz•med by Silk t s ·H·o rk . The degro.dat1ve approach 1;ns abandoned 

on these grounds, nnd the beh~v1our of the tannins was rather 

observed nt lm·mr temperrtures and press ures in order to det ermine 

l·Jhether ens1ly hydro.::;ennted carbonyl and othylenic linkas-e·s ver e . 

present . 

From a study of chromones, flavones a.nd · anthocyani dins 
.. 

Hozingo P..nd Adltina ( 313) concluded th~t · i.Ti th compowtds containins 

several fW'lctlona.l r;roups. rapid hydroeenatio.n g.ives bettor· yleldn 

of the chief product end fewer by-product e due to side""'react ion a ,. 



The reaction should le cru•I•ied out at the lowest temperature a.t 

which rEtpld hydi·ogenatior: can be eecured. Thnt temperatura ~t 

\'lhlch the drop of pressure due to the rea.ctlt')n is just rsree.ter thp .... i1 

the rise in pressure due to heating Ttlae considerecl most favour·able. 

T.he hyd:r·or.eno..tion of the tannins wae co.r:cted out under theBe con--

dltions. The incr·ea se of pressure \!i th temperntUl'e v,ras co.lcuJ.n. ted 

from s~.mple gas laws o.nd deviations fr·om predicted pressurea vJC.L·e 

easily established by e. plotting the cou1·se of the reaction on n 

grnph. 'l'hi s a.ppr·oach was thus essentially different froti th8.t 

used by Silk an<'. by Stephen. 

Apparatus 

The hydrogenn ·_ .~-on bo~b used hns alret.>.dy been de scr1 bed 

by SlD: and by stephen and ~-ra.s based on that of .1\dlcins ( )14) . 

Tho rocl<.er rnd thermostatic · control ?..pparr..tus \vere found. to be 

unsn.t1sfn.ctory '='.nd 1!Grc reconstructed (Fie. XLI), The wooden 

rocker sup?ort ve.s !'cplA.ced by · a rigid ll.ll--mctal frnme and the 

wlril"'lg of the heating-.elament wo.s improved by passing the rosie~ 

ta.nce -vrire through fire--clc"ty beads held in one inch thick rlngs 

of S1ndanyo boardin~. A bimetallic spiral nnd a 3unv1·c r•elay 

~ystem 1-1ere used for c.ccurate temperature contr•ol, 
. 

The bomb hns an internal vo.lume of 1.15 li'tres and. is 

lined by a copper con.te.1ner \·rlth A screw-dmm lid. Absolute 

ctbnnol vras chosen us solvent for all hydrogenations .. These ,,,ere 

ce..rr1ed out under conditions where no hydrosenolys1s o:f the solvent 

vns likely to occur. 'l,he solute and solvent occupied 0.15 litre:· 



F1g. XLI . The Assembled Hydrogenation APparatus . 

leaving an internal volume of 1.00 11treo During the hydr ogena-

tiona of the methylated tannin the internal volume was r educed 

in ordez· to obtain a mo:r·e sena1t1ve index of the absorption of 

hydz·og en. This wae brought about by reducing the copper l i ner 

to half 1te length nnd filling the remaining space \-11th a steel 

oylindor which f1 ttcd accurately into the body of the bomb in ordv:r 

to avoid looeepess during the rocking movement . (Fig . XLII) . The 

total i nternal volume was thus reduced to 0 . 65 litres , leavi ng an 

ei'fective volume of 0 . 50 litres after charging the bomb w1t.h the 



F1g XLII . Reaction--Liner· and lJ{etal Cylinde:r Used for- I-teduc).ng 
the Internal Volume of the Hydz·ogena tion 3omb .. 

150 ml of solution . Initially much difficulty was expe1·1.enced 

t-r1 th hy di o~en leaks p a st the copper ~askct in the body o .f the 

bomb Thi-s -vras o~er·~ ~ome by Rubst1 tut ing bolts of la..t·ge!· size e.nd 

finel' tnread in the lx•mb-hen.d. These could be tir,htcmed sufficient~ 

ly "Yn.tnout stripp1n0 ~: he thread 

Selee~ion of Method and Catalysts 

The h1gh-pi'L~sux·e hyd1·ogennt1on \·Tl th relatively 1ner·t 

cata:yst s was prefcrl'(!d to t ne use of active catalyst s at one o:t· 
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tv16 n tmospheres p:r·e ssure, ns r.1oro selccti vc hyd:cor;enat 1on viae 

possible '•fith the former' tlethod., 

Copper chromite is n mO!'e selective <' ·.taly.::.t tha..Tl 

:\r:.ney nickel, ifhic.h 1'1aA 3.lso used. in thls lnYesti~~ation. ~+ ...... 

reduceB P.J.dehydes nnd ketones qur>.ntito.tively c.loo in the proximity 

of phenolic nuclei, onC:. does not atto.clc. ~~henolic nuclei o.t law 

ternper~tures {315) . The presence of hyu:t·oxyl groups .tn. benzent1 

nuclei r. hmvevcr) aids hy·'l:ro;;en!~ tion ( 316). ;\ l"OI!lP:t l c e thyJ.enl c 

groups hydrogenate \lith ·~r·eater difficulty ths..n 2.liphntic 

ethylenics, Polyphenols, -agnln. <U"e nore difficult to hydrog~3n.9..te 

th~n phenol itself; Copper-chromium oxide catalysts ~re stabillacd 

and nlso hD.VC their· rene t1 vi ty enhf.'..nced by the presence of barium ~ 

calciun and m~gnosiun oxides {317) , 

0.15 litre of ,'lee tone vtns :?lnced in the ret".ction--J.iner 

and the bornb-hea.c.l scre"t-red do~<~n securely. Hydror-;en uo.s adr:Ji tted 

to o. pressure of 1625 pounds per square 1nch c.t 15°c·. ~ and all 

the valYes tiGhtly closed.. After slo"1 heating over g hourB '!,-llth 

rocking, the temperB.ture P.nd pressure uere rnised to l90°C . i and 

2·130 p. e .. i. $ and the bomb n.ll moJed to cool to room temperature 

overn1~ht. The pressure returned to 1615 p • .e.i. at l4-0 c. 

elig~t loss of pressure (10 p.s.i. at 15°C,) might be p~rtly ~ae 

to a thin film o..:: r·ust formed on the inside of the bomb (3U1) , e.nd 
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\·rae observed 1n almc sti all casesc The bomb thus retains the 

hydrogen sn.tisf·c.cto ~·ily up to a h1gh tempor~tu:r-e nnd pl·ess ~~"(·e _. 

One-quartE·r r1ole acetone ( 11+. 5 g:t·m_ ) \-las mnde up to 

150 ml. w1t11 n.bsolute t~ thr.nol, _rnd 3, 5 grms~ coppel· chr•omite 

cn.talyst rrith BaO nt. ;n·omotor (315) vras c.c.lc:.od, 

admitted 1;o n press~.re of 1620 p . s . 1. ~t l.5°C . 

Hydrcr,en wae 

The increase of 

presRUre Hith temper·ature vras ca.lculn.tcd from the s1I:Iple Gas 

equution 1 in ot•dcr t:o obtain a roursh indication of the pre~linted 

course oi' the react:~on. Deviations fro~ this Rtraight line 

-..all occur mr11nly due to the fact thnt cthn.nol tends to vanow·ise 

from 1SO - 200°C, upwa1•d9, even at high pressures. The.z·e ls 

2.leo a ln~ in the ~;rc.n sfer of heat from the e lemcnt to the ther-

mometer, v:hich is al.tUR ted in ~- cen trnl uell in the bomb. 

Fig. XLIII shot-Is the varlat1on of p::::-essure t·fi ~h tcnper•a ­

tU!·e as well as the period elapsed durinr; the r·enct.l.on . 

Hydroe;cnP..tion of nee tone thus occurs at 120°C .. ~md 

2175 p. s. i. . l 6" . 0 Tr10 iui tic. pl'essure "rus 1 c.O p . s . 1 .- { 15 C. ) 
1 

~tnd 'Cl"le finetl pressure 1500 p.s .l, 
, 

The absorption of '¢ no le of 

.:.lydr-ogen corresponds ton. drop of 120 p , e ,. 1 . at 15oc. 

The Hydrogenation of 3enznldehyde 

In o:r·dcr to tost the acti.vity of the catalyst and to 

deter·mine the conditions -under 'vhich n.:romatic aldehyde a reduce;· 

1} mole ( 26 . 5 grr:l , ) benzaldehyde. Has hyclro::;enn.ted e s before (F'ig. 

XLIV). 

The 1n1t1c.l pressll!'e was 1650 :p . s , 1,. nt U~0c .; and the 
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Fig. XLIII. The Hydrogenation. ot Acetone. Copper Chrom1te 
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Fig. XLIV. The Hyd~gonat1on or Benzaldehyde. Copper Chrom1te 
Catalyst (3o5 grm~ ) 
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fin.al pressure 1560 p : 8 . L nt 1C~°C .. . Hy<iror;cnntion occurs eo.a1ly 

~ l 0 1 dO .l 2 5 au 33 - 3o c. : nn{ 3 0 T..hc p1:·oduc t conslsted of · 

benzyl AlCOhOl only. 

'l'h~ Hyd.!·o[";en~ tlon of R~ !:Orcinol 

copper ehro~1~c crt~iysts , 1/S mole (13 -75 ~~rn . ) reEorclnol was 

hydroconc.t ed un(i.er thr: E"n.me conc'ti tlons . The phenol • . .:ns hydroe;'ena--

165°0. , ::>.rrd 2350 r- . s , i ., nnd then cooled. 'l'he initi"'l prcsstn·e 

T•hj £J 0:::0 Ll.ld 

As hig;her l::t'ersures \·.roulr..1 nccesritntc the use of n. 

n.t 17°C ,. , ~w.d tho tc;r.per;::ture slovly incrcRsed to ~ mnxinum of 

215oc . , at 2275 _p . s. 1 . HydroGcna.t ion a:Pl)en.r·cd to conr:en ce J::.t 

160 - 165°C. (Flg , XLV) . - 'fhe ·rinQl prcs~ure ·Has 1110 p " s , i .. at 

., o · J..7 c, 
?he pr oduct smel t 

otrongl y of cycloheiwnolo 

Eydrogc:nr.tion of 0-- Dinethyl .:tesorcinol 

The ~ffcct ·of mcthyl~tion on tne st~~ility of resorcinol 
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1~100 · 1300 1500 17oo 1900 · 2ooo, 21oo 
Fig. XLV. The Hydl•ogenat1on of Resorcinol. Copper Chrom1 te 
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F1go XLVI. The Hyt.rogenatlon of a-Dimethyl Reso:rc1nolo Copper 
Chrom1te Catalyst. 
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was demonstrated by ar. identical hydrogenation on l/8 mole a-

dimethyl resorcinol (Fig. XLVI).. The initial pressure was 1}25 

p.s.i.J and the final pressure 1315 p .. s.1. Methylation thus 

confere far greater stability on the resorcinol nucleus.. Di­

methyl resorcinol is rtable up to 2oo<>c. 

The Hrdrogenation of Methylated ~rannin 

Due to the z·ela.tive instability of phenolic :nuclei 

e .. g. resorcinol, the 1;ann1n wae methylated before hydrogenation., 

The hydrogenation curve of 1/10 th mole (35 grme.) methylated. 

tann,.n followed the s~;me course as that of' dimethyl resorcinol. 

The temperature ue.e rn!sed to l85°C. at 2565 p. s.1.. l'he initial 

pressure was 15t~o p. s, 1. and final pressure 1530 p. s.1. at l~C. 

The product freed of ea.talyst was poured into water and sucked 

ott.. It was white ccJmpared with the pink colom• of the s~a.rt1ng­

mater1al. 

Found 

% Metho.xyl Before Hydrogenation ~ Jl.OS,% 

% Methoxyl J~ft er Hydrogenation rc 30. 77% 

The methylated tannin: therefore, appears to be quite stnble 

Wlde:r.• conditions at uh1ch aldehyde and keto groups, and also 

alkene groups (320), are easily reduced in the preeence of e. copper 

chro~ite catalyst. 

(b) .!l~_ne:r Nickel C~;·ialist, 

Colrl'1rma.t1oa of these results llsre sought using Raney 



nickel catalyst which is tar more ~ot1ve towarda keto, aldehyde 

and t.thylene groups) 't·ut less selective towards phenyl nuclei. 

The catalyst waa prep6,red accor-ding to the method of 

Mo z1r go ( 319) , and a tc red under anhydrous ethano 1. Hydrogens. tiona 

wero performed ee berc:re with ethanol aa solvent, and :treeh Raney 

nickol ( 3 grmo) substi.tuted for copper chromitea 

The H~urogenat1on ot Ben~Bldehyde 

Hydrogenatic.n commenced immediately with rocking, and 

1nor6aoe or temperntw•e., The reaction ran to completion at geoc. 
and 1900 p., s., 1. The bomb was allowed tc cool to room temperature, 

The initial pressure Pas 1650 P~B.1e~ at lel0c., and the final 

presaure 1550 p. a. 1~ a.t 20°C. i- ·mole benzaldehyde thus absor·bed 

one equivalent i'l.ydrogon 1n the reaction : 

H 
I 
c=O 

H 
I 

H -c.-OH 

Heating vas recommenced without opening the bomb 1 and 

above l30°C. and 2150 Po s.1o hydrogen absorption ~.gain occurred. 

The :final pressure s.r·~er cooling wa.e lJSO p. a.1. at 16°co Sl1ghtly 

more than one equivalt3nt hydrog~Jn ·was abEJorbed 1n the second etageo 

Only toluene from the hydrogenolys1s-react1on : 



H 

' H - c-oH 

0 + H'2. 
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was obtained in the reaction-product . 
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Fig. XLVII. The Hydrogenation and HYdrogenolysie or Benzaldehyde 
Raney Nickel Catalyst 



Hydrogenation of Resorcinol 

~mole (27 .5 grm.) resorcinol was hydrogenated in the 

presence or Raney nickel catalyst . Hydrogenation commenced 

immediately and absor~t1on continued ovar the nine-hour heating 

period. Three equivalents of hydrogen were absorbed during the 

reaction. After complete removal of the ethanol in vacuum the 

product set to a semi-crystalline solid. 
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Fig. XLVIII . Hydrogenation ot Resorcinol ~ Raney Nickel Catalyst . 



The l~drogenat1on of Acetone 

By reducing the e1ze or the liner and using a steel 

cylinder ae fillet' the volwne or the bomb was reduced from l al5 

l1tree to o.65 litreu. 

Raney nickel cntalys1; .. 

The bomb uae then re standard! sed ua1ng 

HYdrogenation commenced immediately 

{Fig. XLIX), and the absorption of i- mole hydrogen cnused a drop 

in pressure of 225 p.s.1. at 18°0., or roughly about double the 

drop previously obtn!Jled before reducing the 1nternnl volume. 
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Fig. XLIX. The Hydrogenation ot Acetone . Raney Nickel Cntalyst , 
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The HYdr ogenation ot Methylated Tannin 

35 grms . ot methylated tannin (33% methoxYl) was treated 
. 

as above . no 1~ed1ate absorpt 1on of hydrogen took place but 

Rome alight renct1on could hP..Ve occurred nbove 120°C. , ?.nd 2100 

p . e. 1 . The 1n1t1al pressure wna 1560 p . a . 1. at 20°C . ~ and f inal 

pr essure l54o p.e . i , at 19°0 ~ 

The initial pressure wa.e reduced to 1410 p . e . 1 . and 

hydroeennt1on repeated by increasing the temperature elowly to 

Fine.l preAsure 1390 p.e. 1. at 20°C. (F1g,L) . 

lSOj 
. l~Oj 0 

0 

Q) 

a 
4-) 

1ooj 
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~ 
Q) 

~ 
Q) 
t;-4 

6o -l 
I 

2J I t I 

1300 1500 1700 1900 2100 2300 

PreAAUre Lbs. per ~a . Inch 

Fie; . L. The Hydroeenat1on of Methylated Tannins. Raney Uicke1 
Catalyst. · 
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Fotmd Before hyd.:,,ogenat1on • • 

~ -OCH3 • 33.07; 33.05 

% c - 64.22; 64.61 -
%H - 5.79; 5 .. 7g -

After hydr<>gena.t1on • • 

% -OCH3 liB 31.47; 31.49 

% c - 65.00; 64-.22; 6~-.S9 -
%H - 6 .. 54-; 6.25; 6.31 

Some reduction, accompanied by alight demethylation 

appears to have resulted nt higher temperatures. The product 

was pure white in col•:>Ur and a slight odour or cyclohexanol vas 

evident. 

A different sample of methylat~~ t~~ni~ ~&c kapt at 

200°C. (2300 p. s.1.) for 5 hours and the pi•oduct subsequently 

remethylatedo Some ·:lydrogenation and hydrogenolyaia appears to 

occur under these conditione. 

odour waa evident. 

Found : (after remethylation) 

% -OOH3 ~ 

% c 5:: 

%H ; 

A far· more pronounced cyolohexnnol 

summary 

A comparative hydrogenation study of v~r1oue compounds 

using copper chrom1te and Raney nickel catalysts, and making use 

of a graphic method of tollO\oi1ns the course of the 2•eact1on, has 



(a) Keto group:3, eogo acetone, aro hydrogenated at 12o0c. 

by O•)pper ehromlte atl<l at lo•Y'ler temperatnree (15° - 12o0c.) by 

Raney n1clt.el ca.talya~:; '· 

(b) Aldehyde tr:-oups, e .. g. benzaldehyde, are hydrogenated flt 

135° J. by copper chrouite and at low temperatures, 1S0 ~ S~0c. b~-

nickel catalysts. 

(c) Ethylene g .. ~ups are known to be reduced l'lith '1e.ae by 

copper chrom1te (125° - 150°C. a.t 125 - 133 atm) and by ::11ckel 

{ 20° - 100° C. at 25 .... 110 a tm) ( 320 )o 

{d) Phenolic n1clei e.g. reaorc1ne>l, nre relatively atoblo 

to hjdrogena.tlon in t.1e presence of coppHr chrorrlte.. Thls 

select1 ve 11-ct ion of C"Jppor chromi te, which norroe.lly ee.elly reduces 

ethylenic- and oonJug.lted double-bonds, le well known < 321)( 322) .. 

Nickel catalysts, by oo ntraet, easily hydrogenat;e resorcinol at 

low tempera.turea (2oo - 135°C.) Methylation appee.:r.e to confe1• 

additional stability :m such phenolic nuclei. 

(n) Although it is known t~ut the degree of substitution 

altere the rate of hylrogenation ()20), and thnt the nature of 

subet1tuent groupe may also modify hydroe.;ennt1on reactions, me1;hy .• 

lat€d black 't<Jattle tannins were found to be non=·renct1ve OV(3I' the 

range in uhich keto, aldehyde and ethylenic gl"ot1pa are normally 

eaej.ly reduced in the p:r.eaence of copper chrom1t:e o.nd Raney n1GkE: l 

cat~.lyetso such eae1ly-reduc1ble groups, therefot•e, appear to 

be E..beent in tl:.e tannins. 



The presence of OF.rbonyl groupe 1n o.morphoue polymers 

1B dil~ficult to eet8bl1Bho In black wattlB tnnnine they l!lUt:!'t 

bu prei3ent at least .in very low proportion due to t he pr esence of 

e. trac~<.: of. f1sl3t.1n; 1:ut the hydr-or;enntion study ha'3 ahown that no 

easily 1•educible grot:pB ar~ likely to be pre raent .ir1 major p r.opor--

tion in the methyla:c~zd ·tannins. This examlnntlon was an n.ttempt 

to eatablieh more definitely the preEJence or abe:ence of carbonyl 

gr.oups , 

(E·.) Infra~red ·Spectroscopy 

No very aa'i isfactory reeulte could be obto.inea. from 

the eol~d tannins or their methylated de~ivatlvae by mulling 

them in nujol~ Metr .. ylated black wnttls tann1ne (lead=salt 

pur1fi\3d) ·in chlorofc·rm aolu'cion gave two peaka at 150~ and 15·95 

cm""1 o (Flg •. L,I). ~·heE-e peaks .a.re almost C\3rta1nly a.sroc1at,.:d 

with a.!'omatic groups , The ahoulc1er at 1620 cw--1 may 'be spur ious 

(due to water a baorp~ lor,) • Carbonyl g:roups in this molecu1a.:c· 

exrv1ronment would be e:x:pected to · give intens~e a.beiorpt ion in the 

Hydrogen~ bon•led '";m'bonyl. 

groups again~ show atL abso:rptlon-band s.t 1635 ome=l (JG7L The 

absence of such aoeo'"Ption aet s ru1 upper lim:t t of one euch gr,oup 

in a molecular :tragment of several thoueanda 

(b) A ttem.pt ed Formntic.n o-f Hydra. zone a, Ox1mee and Ser~i-ca:('bE.zon<-B 

Due to the p.hloba.phene~raa~"~t1.on which occurs unde:."' 
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at..11(l1C conditions necessary for the formation of the above 

derivatives, the 1;a.nn1na themselves could not be used" The 

fully methylated product (36o5.% metho.x:yl) was, therefore. t reu'tt:d 

w1 th the various reagen te under standard condi tiona. 

( 1) Phenylltydrazonea 

2 , 4-d1n:1. trophenylllydr~1.zlne r..ras preparee. by All en · E 

method. ( 32 3) . The formation of a hydrazone l·TaB attempted a.c~.m. d-~ 



ing to Brady e a techni(lu.e ( 324-). 

1 grm. 2gq...,Cl1n~.trophenylhyo.razj.ne was dJ.seolV{id in 15 ml. 

absolute ethaJlOl and ;? m:J. cone. sulphuri.o acid addetL . lu 7) ~;rmEJ, 

fully me1ihylated tunn:.na in 15 ml, uarm .s.:Lbsolutfl ethnno:_ t1a8 

added to the ·-rm.rmed f;•eahly·-p1"epared ree.t:ent and tbe m1:x:tm~~.;; J-:ept 

under anhydrous condi ;ions fo:" 3 = l~ da:y a.. F:rf1e dini t:rophen:r~.l1y~ 

dl'azine "'o/aa removed f::-om the reacted mate.r:tal by the repeat~d pre= 

c1p1 tation of t~he lat·jer from benzol solutions t·71 th. petrol ethtn•" 

Kjeldahl analyses arc k.."lown to gbre eatin:eacLiory reaults ( 323), 

Found ~ % N :! lo 33 

Th1a corresponds to one oar-bon:tl g:.. .. oup per S.,) C15 Prtlta 

in 'the te.nnln re aldue. 2 »4""'d1n1 ti•ophenyli1ydraz,.ne ~!..e c1.n excellent 

reagent , but is knowa to react with diffloulty and if' r:ct ss.ttt~-

factory ror ~ -J.1ydro:cy aldehydes end ke ~.onef;l ( 323 HJ24L 

(2) Ox1mee 

1 grm. me th;rla r.ed t a&J.n1n e, 1 0 2 gm. hydroxylamine 

hydrochloride, 4o 4 ml, absolute ethanol tmd 4o 4- ml • . dr>y p:vr1d~Lne 

tiere refluxed for 3 h)Ul"3o The solvents Hez-e :,.:·emovad ln vs.cx.;.um. 

The product di aaolved in benzene> and was precipl t9.tecl f'!'o ... n eUt}h 

a solution w:tth patroL echer. It wae then redlaso:J.\sd 1:n 

ethanol and poured lnto 1-!ater., 

Fcvnd ~ % N ~ 0.19 
. 

This conee;>onde to one carbonyl group per 20 C15 U':lit;::~ . 

!3) Semicarbazonea 

2 ~ 0 gx .m of semlca.rbazio.e hydroohlor1cle nnd 2 o S grm. of 



c::t·yat, aodium 8.cetate wer3 &dd?d. to :Lo ml. v7ater and the mixtu1·e 

~-rarmed until a. clear solu'tion ws.a obtained~ 

la~:il3d tannins 1n 10 .ul. a.'b'9olute ethanol was added a..n.d kept 'N'arm 

on a ll{aterbath for 3 daya" No oemice.:r!oazone sepa1's.ted. The 

mHthyleted tanr.1n Has recovered by tv.ro prec1p1 ts.t ions into ;.Jater 

:from aJ.coholJ.c solutionsc 

Found ~ 
. 

In all the above 1netancee1 Ol>Ting to the amorphoue 

nature of the tannin, the ·:-eagents could only ba removed tlith 

d.tf~iculty. 

one carbonyl gr·ot1p per 2500 "" 5Soo molecular fragroar.cto 

\"lith both these methods the absence of carbonyl groups 

:tn the me1;hylated ta-:m1ns are clearly oata.blishedo 

sJ.oo :round that; the nethyla:ted tannin failed to f.o~'m .hydrazone a 

even after Oppe·nc.ur 1 a oxidation a:f hypo ·~hot!cal secondary 

hyc.ro;xy gro L\p a~ 

( '~) ~~he Ultri2-=.YJ:.o]:at Abso!l2_ti2.!J:. Sp~ctrUEI_ o! ~la£1S,_'{Lf!~:GJ.,Ji...!~.PP . .1~P...! 
and the1:r· De~iilat!ve 3 
~.,....,...............-.~·~·~ 

Tt .. e u.ltra-·171olet absorption curve of comme:roial 

11 mimoea" extract was previously recorC.ed by Ruaeel (13B} e.no core= 

pared with that of hie ayn·chetio 11 fla.vplnacols 11 • T.h.s ta.nn1n and 

1 t s methylated deri.v1.t1 ve ah:>vted two close a.bsorptlon ma.:;..J.m.e.. e,t 

286 mp and 270 ~0 The Cill'Ve was al.milar in sha.pe snd e.g:reed 

closely not only to ~hat o:~ the variot:.a synthetic 51 fle.Vp,.nacol.g11 v 

but aleo resemt·led t 'lat of hemlock tannin and i te methyle.t eo. 

der1 ve.t1ve o 'I'hs d1 ner1c .3truct ure of Russel 0 s "f'le.vpine.cols:' 



wn:J esverely C l 1 ·t1c1sed by Freuo.enberg at Al ·0.39 ) (See Chap tel' II ). 

Freuder:berg found that twro phenolic nuclel joined by a. carbon 

ch<J.in were sufficient to produce an absorption-curve characteri etiic 

of t h e se tanni n a .. 

Buchs.nan 1 Lewis and Kurth (254) found that the ultr,\.= 

violet absorpt l on-curve for 11 m1mo sa11 tannin s.h.o't-r only one pe.\k 

at 2So mJ.l ~nd not two aa obtained by Ruaaela Tannic e.cid and 
} 

redwood ·c~um1ns eholv absorpt1on=rnnxl.ma at the same l-tave~length ~ 

but the1~ molar extinction-coefficiente differ . Lignin prepara-

tiona e1m1larly show an absorption maximum at 2SO ~ (325)o The 

methylation of redwood tannins with diazomethane produce a reduc­

t ion in the absorption density consistent with the increase of 

molecular weiE;ht. 

Sohn (326) found tr~t commercial quebraoho, valonea, 

m1m~HJa and p1ne=bark extracts as well as lignin-aulphoni c acid. 

preparat ions all show a single abso1~tion~peak in the ultra=violet 

Ars a linear relationship was found to exi st 

ber.ween absorption density and concentratl on (i.e . Beer as lalr 

\ft s appli cable ) s So.hn recommended the development of an ultra.­

v1'1let me'Ghod of tannln ana.lysie o 

Bl~adfield. and Penney (113) showed that all catech1na 

ha<:re an adeorpt1on~-ba.nd in the range 270 ~ 2/SO mp. The chromo-

I1ho~ic nuclei cone: t1 tuting such cateob:\.na act almost :independently 

'I'll.u.e E max va.luel3 for ep1ce.techl n and f or galloce.teoh:ln co!'r e e ... 

p(m,d approximately to the sums of the E max values of 5,7-
d·L'lydroxy~2 8 2=dime1;hyl chr-oroane and catechol and pyrogallol reapec-



t.lv&ly~ Stereo1aom~~riam has a sruB.ll t:ffect., 

1290 reepoct1v-eJ.y at 2'71. mp. \H.th tho oxce:ptior' of 1.--gallo<H:t.te 

chin gal:.ate vrJ.1.ich hr.s t\>Tin peake at 27~) n:'P and 279.5 r•yl, all 

o"jher · ca~;echir.. bocl.ie;;\ eroliT a slng'J.e a.baorpt1on-w[t.x1mtl:":l in the 

ul tro.~vlolet regio!"!.. 

Putnam o..n"i. Gev.alt:er (] Jl) r£icently en ·,;ertvJ.nsd th..:. td.:ea. t.!>!lt 

cnrbon:'·l ~.,..oupe or ether linlcages ~lcne, 1'-:hen n.t·tach~d to phenolic 

St:oh apscule.t~t.on 1e unfotmd·ed. 

A Bec~sn 1-.odel DU speotrophot~meter Na.e usee. thr{•U.Bh~ 

out the p:c~esent inv£H~tig.e.tton., \llth t.h\e lnstrum·~nt ·the tann1r:-. 

gave a a,_.ngle absorpt.:·.on ... pe~.k at 2e!O InJl (Fig ., LI!) J nnd the ·t,~ln 

peaks fo und by Ruaae:l nould r :>t be reproduced en n Hil~er 1nst:ru,.., 

majority of tannins~ c ms~itt.ted ('i,' different phenolic bod1ce eao~.t 

,flth o. d1:E'ferent f mn~, ·s?.Juld almost a.ll show abeoryt.ion p .)vJ~s 

at the same wave-lewsth ~~7~ - 2g1 mp)o 

E. max o1' bln.ck vr~; t';le tannln ln ethanol aaBumlne a 

Gambil)r catechin consisting 

predominantly of d""'catech1n but conte.1n111g o.lao dl-~cat{~Ch1n ( 327) 
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Fig. LII. Ultra-Violet Absorption Curve of Black. \1/a:ttle Tannin. 

waa fou.nd to have a e1m1lar absorption-peak at 280 ~· E max e 

3647 1n ethanol. Br~dfield and Penney recorded E max ~ 3300 

fo~ l=apicatech!n in athanol at 2So mjl. The following are the 

I·~le..t1ve values for tn.e phenols which conat1 tute both black \'rattle 

tannins and catech1ns ~ 



I /-·- -~ .,..____________ L.. ~n:~-'~-·--+____:_~::._ ___ _j 
Catechol (32gj I 27g I 26oo ! 

Compound 

Pyrogallol ( 330) 266 I goo j 

Resorcinol (32tS) 276 2DOO ! 
Phloroglucinol (32·n 266 '330 j 

k-..------· ~..,;---""'" ...... ...-a .. ~---~ ......... ~ 

Br·ad:field~ E and Penney 9 a find:Lnge, prevtouely di~·Cuaaed8 

will prove an extremely useful check once the various to.nni.ns 

have been 1eolatea. a1d .1.f they should p rove to contain only t·wo 

phenolic nuclei 1n definite proportion. 

figures it 1e obvious that the sum of f max of resorcinol (2000) 

and f max of pyrogallol (BOO) 11 1s lees than E max of the 

tannins ( 3, 356). This 1e moat likely due to the fact that a 

minor proportion of catechol nuclei ( E max 26oo) is ~leo 

present. 

Methylated and Acetylated Tannins 

Lead-salt purified tannins methylated with d1ffiethyl 

sulphate (36.5% methoxyl) have the same )\max as the tannina 
. 

1;hemeelvee (279 - 2t1o mp) (Flgo LII!) , f max of the methylatea. .. 
tannins 1n methanol ~ 3599 assuming a molecular weight of :~6. 

The molar extinction coefficient of the methylated tannins 1s ·";hus 

higher t:han ~ but of the same order as that of the original tannlnB~ 

Acetylation causes a shift to slightly l.m't'e"'" l-JavE ... len.gthaD 

( A max = 276 ll}U w1 th an inflection at 278 mf) and. a. la.xge dec:C'ease 

in the molar extinction coefficient f s 2ooo ( asaumeJ mc:.er.;mla:r 
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t.veight ~ 1+50) o This ~nfloctlon appears more pr ominent at lower 

concentr ations, and is also evident in the ultra=v1ol e·t adaorp~ 

t1on c ux~ea of l,2-d1acetyl-3-methoxypyrogallol 1 pentaacetyl-d­

ce.tech1n, d1acetylcatechol and tr1aoetylpyrogallol., all of t-lhic h 

were eynthea1eedo Bradfield and Penney nlao r ecor ded decreaaoe 

in E: max valuee of catech1ns on acetylation. 



D1eouss1on 

It le obvious that a comparison of the molar e:K:t1nctaon. 

coefficients of the tannins with that of the sum of 1te con-.-

stituenta is prematw·e at. this ata.ge. such work &'L-Tai t B th·;, 3. eo,., 

lat1on of the ve.r1ouo ir.d1v1dual tannin constituents. .Che une 

of ultx-a.-violet spec~;.rJ&copy for t~·min e.na.lyaia 1a, b.m-lt)Ve:C' 1 

feasible and has been sncceeafully applied (Chapter· VILO. 

(Xi) 

Black watt:.e tannins are norms.lly easily soluble in 

\tJater, bu.t foi'm. typ1oal insoluble red phlobaph.€lnea or 11 ..;;mnera; 

reds11 1n strong~y actdl.c aqueous eolut1oneo Th). s be.t'J.B.v1ou.r 

classes it amongst the 11 phlobatannine11 or condensed trum1na. The 

phlobaphene-format1on is considered to l1e a further condenantton of 

the amorphous polyphono1.1c fraction of the exti·a.ct, and. a propor= 

t1on of eome condensnd t.s.nn1ne eoE?;o quebracho and reduoo(l exi.Ht 

naturally in the liooCL or bark in th1a highly cono.enaed form. 

Solub111ast1on of thuse fractions ia effected by bieulphite 

treatment. 

'l'h1 a work on black wattle tannins was completed b-efm:·e 

the lead-salt aepar~1i1on and ether 11 pur1f1cat1on11 methods were 

devised, bt.l.t the results are nevertheleee 1nterast1ng Hhen ccm= 

:pared w1 th the start~.ng=mater1al and \'11th later uo:rkQ 

Formation of the Phlobaphenes 

lO grmso o:~ the acetone-salt upur1f1ed" {Sgfv tannin by 



the Official Method) commercial extract dissolved 1n 50 nlo 

water, wns tr·eated '\'11th 30 ml, cone. HCl and heated on a 'ttTaterc .... 

bath for 1 hour. A deep :r•eddish~brown prectpi tate resulted. 

The pbloba.phene 1va.s j.nsoluble 1n cold "Vra.ter, and epa"t'~n~;:'-y 'l.n 

hot 1-1e.ter. It w~:~.e Llso epar1nrsl:Y soluble in m . .athE~nol and etha..r1ol 

and fairly soluble i~·. p;y"rid1ne. All these solvents dissol.,;re 

blG.ck vtatt;le tannins ., The phlob2.phene }vas 'tvashed v1ith vrat~r 

until free of chloric.o, n.ncJ. dried at 11C°C. in a drying p1Etol. 

under vacuum. 

Found • c1 c . rJ 

(1f 
I~ H 

% Ash 

A-verage Values 

·- 62.56, ... 
;~ 4-oJlJ..., 
:Jjl 0~00 

% c e 

62~19, 62Q~9, 62,10, 62,38 

4~24, 4~37, 4.37t 4.22 

. 
Acetone-ault puriflec. tannins uaed a.e ste.rt1ng-ma.ter>1;:;.l (}OlA ·cal ned 

% c :;;;! 57 .75. 57.611 57 Q4~ 

~ H a l+o55,. 1+.66, 4-a54 

~ Ash t'9 Oo20 1 0,23 

For comparison, the load=aa.lt 11pt1rif1ed1
: tannins were founc1. to 

contain 

% c = 6l.,)f5, 

% H ~ 1+.,69, 

It thus appea.1·a that durin~ the process of phlobapb.tme 

formation all the soJ.uble sugars at'O eliminated f1.•om th~~ a.oeijone-­

se.lt "purified11 tarm ~.nss resulting :i.n an 1nsolt~.ble produ.ot -:>f 

similar composition ~u' the lea.d=ea.lt 11 purifj.ed11 tannins. 1\ 

certain amoWlt of ox~.dat1on appears to ~.ccornpo..r.~.y tr:la conv'::)rs~.on 

·I 



as the phlobaphene hee a lower hydrogen content. 

Derivatives of the Ph:lobaphenee 

The phloba:phenes 't-Tere acetylated nnd methylated by the 

prcvlously-dercribed techniques until 11 maximum" values 1.-.re:r-e 

reached. 

Meth;U-_~~fhlSJbaphenes were obtained by ·the repeated 

ac'ti1on of dimethyl sulphate in boiling methanol. 

Found ~ .lli?..:.,_£.f Iti~..J1&.~1on'! 21 =OCr£3 
l 30"22 

2 32)4-7 

3 34 0 02 j 34 0 4-3 

4 34-.69' 34.'77 
Analysis of the latter product : 

% c ~ 66.37, 66.22~ 66.~, 

% H ~ 5.S4, 5.gs, s.Gs, 
66.31 

5.79 

Bo~ih the initial and final met.hoxyl values art: below the.t which 

is norms,lly obtained <:~2. 5% and 36.5% l'eepect1vely) v71th the 

talmlna by the BB.l-lle method. The. hydrogen content .of t.he metJ:ly ... 

lated phlobaphene is also lower than that in the methylated tannin 

itself (6.a~ ~ 6.16%). 

Acetylated Ph~oqaE_hentl. The phlobaphenee were 

ac~ftylated first io11 th acetic anhydride/ sodium no eta te and flnally 

wtth acetyl chloride/pyridine mixtures. 



Found ~ 

1 

2 

3 

4 

iL[.ce1:!X_! 

')1.66 .. 
35.05 

34.t~7 

350:,0, J5c 5J. 

Analye1a of the fully acetylated phlobaphene ~ 

% c ~ 6oo42, 60.99, 60.78~ 6o.16, 

tfo H t< 4. 75, 4o6o» 4.64-, 4.61, 

6oo26 

1~. 66 

Aa with the methyla.t~d products the '-nit1al and final acetyl 

values are well belo·t-: that obta.lned ul tb the tannins, (38. 15.% 

and 37.77% reepect1ve1yL The percentage hydrogen ls also 

s lightly lower {4. 73 - 4.S7%) than that of the a.oetyle.t;ecl t.-~.n:n1ne, 

Discussion 

The analyses of the phloba.phenee and theil' O.ertva,tiq-es 

show 11 ttla d1ffe:rence when compared w1 th those of t.he tLl.nnina 

from l'Ihlch they ·v1ere dei'ived. 

g~oupe could be due to ~ 

The slight reduct ion 1n hydroxyl 

(a) the elimination of a low proportion of auch gro~ps by 

ether formation due to condensation; or quinone formation l'•~sult3.'1g · 

from oxidat1on; or b;~ the elimination of '\vater .from a hyc1:t."oxy.J. 

g~oup O:.\.., g:rot.-ps on cs.rbon atoms, 

or (b) i-ncreased ateri~ i:. ~ndra.noe in the more highl~"' cond,_ ns-;d. 

uni ta, 

01" (c) due to the only pnrtla.l dispersion of the phlobaph:-ne 

in th€ solvent media :\.n W'.hich reactic>n OCCurSo 



A e11ght reduction in hydrogen conten·t is perceptible 

1n both the phlobaphene nnd ita derivatives, and it is probabla 

that the slight analytical dl:t'ferenoee a.I'e due to a comb1no.t1on 

of some of the above poas1b111tioe. The phlobaphene thus appears 

to be a more highly conc1ensed and also moi'e highly oxidised 

product than ·the solt:.ble tannins themaelveeo 

( x11) summary 

( l) Previous fnalytlcal work had a.ho\m little or no 

relationship between the tannins a.'ld their• derivatives. Tann1ne, 

from ti.hlc.h the carbot.ydrate non-tannins vrere completely removed~ 

were used for the fir·st time in this analytj,cal study" 

(2) Combue1ao:n ane.lysee of the upur1fied11 tannins corree= 

ponded to nn empii:-1cE.l formula of c15Hl3o6. 

(3) 4ol hydr0131 groups per hYPothetical cl5 unit appear 

to be present from t.t:e analyses of the fully eubsti tute<i acetyl, 

me·t.hoxyl and mixed de~rivativee. 

(4-) Ester 11nli.ages arn carbonyl groupe appear to be 

absent, and a hydrogE·nation study has also ehot-m the absence of 

easily !'educ::tble groups, eog. ethylen1c groupe. 

(5j TWo oxygene are present per hypothetical c15 unit 

whtch 1•e1'use to a.oetylo.te even Wlder exceptionally drastic condi-

tiona. They are considered to be ether linka, nl though the 

possibility of the p1·esence of non-reactive tertiary aliphatic 



hyc'tro:xyls !a not ent1:rely elj.mine.ted. 

( 6) The four e.:ltive .hydro:xyl groups all appear to be 

phenolic" This ,.;as proved by ·the fa.ct that the tannins, contrary 

to steph~n a a findings, react easily and rapidly vlith dlazometha.ne 

to give a pure white ;>roduct of high methoxYl value" 

phenolic bodj.es give ·;;;he sa111e degree of au"!:Jst1tut1on. 

Other 

( 7) A color·1mtrGric study has shown the presence of n very 

high proportion of or'~hohydr·oxy phenolic gl"oupings, corresponding 

to one pyrogallol nucleus per c15 tmitJ This study forma a useful. 

baeia fo:r a rapid method of tannin eet1mat1.on. 

(S) From the d<3grad.ative study the tannins were a.hown to 

coneiat predominantly of pyrogallol and reaorcinol nuclei. The 

resorcinol nuclei wer<l destroyed. during permangano.te oxida.tj_on, 

It would thus appear ·that the predominant s-tructures may be 

repreaen·~ed by the fo~:-mule. : 

1n which the mode of linkage 1a as yet unknown. Exceptionally 

high yields o:f degradat1on.,.producta have been obtained fo:r· +.J.1e first 

t1n:e. 



(9) The tann1n3 give an absorption paak at 2So ll}r.t 1n the 

ultra- violet region; c)aused by the presence of phenolic chromo­

phor1c groups. 

(10) The black 11attle phlobaphenee, formed under condit i one 

of hle;h acidity, d1ff,~r only slightly from the tannins on analysis. 

A Al1ghtly lower p:ropt>rtion of hydroxyl groups and percentage 

hydrogen appeared to ·)e present in the phlobo.phenee. 

( ll) Many of th:3 above techniques represent useful methoo.e 

for the 1nvest1gat1on of the various amorphous tannin conat1tuante, 

once 1eolatedo 



=JOloo 

New rapid end. J"'el1abJ.e methods of n.nulyeie are ursen·tly 

required for large=a(:a.le "t.;ann1n estimations~ a.A the recog:11eed 

proceo.ure, p8l"t1culm·ly the Ci.eterminatio:-:. of non=· tannins: ia both 

Analytical differences ev1dent in 

the ex113t1ng method ·ehen 'l".;.he SE-Jlle ea.Jnple 1s 3.1'1.a.lysect by d'l.fferen"~· 

chemiotl3~ may be a.ttj•ibuted la:r•gely to env1ronmente.l ve.:r·iE.tions 

(331) n.ntl pnrtly to the per•eone.l "!'actor neaocia"ted l?tth nny 

empi::r1cal method 1nvolv1n~ a lro-r;e number of operatlons. 

differences are obviously undeflirable. 

such 

Jamet (332} and Chrunba:r•d and Jnmet {333) successfully 

a1mpl1f:led the non tannin ana~~s1 s by using dried pre-ch:r·omeo. hi.C:.e 

po·wder, o.nd obtatned results in excellent agreement ~Tith the 

Of:f1clal r.tethod., Further \'Iork hased on tho n bove and ;:;J.;ned at 

the elimlnat ion o:f muny unneceesE~..ry steps 1s rece1 vlng the 

-:1 t·tentlon of various eupe:,."..., .. ieory commi tteea ( 3311-), uB the nltlme.te 

asaeaem,;nt of the tannin content of a vege'Gable extrnct dGpends 

on 1·to percentt1ge conb1nt:).'t1on i·!ith ::tn1mal proteins., 

It 1s tmlil:.ely, however, that the h1de~povrder mzthod 

tfill e~re:r· be reduced to n. simple, ro.pld and very exact technique 

ancl the sonrch for o~;her method.A more sui ted for· mass d.etermlna.~ 

i; ions 19 thus n natu:.•n.l r·aeult" vorsutz (335) ~ for excmo~e. 



developed a. rapid cc lor1netr1c IL.ethod for pine~ ba.rlr. extre.ci; J) 

w.h1oh iB nlso applicable to qtebra.cho and other tl1nn1ns containing 

only oa~jechol group~ ngs. This was bas8d on the previouR WO!'k 

o:r Hoepfne:t> (336) or . chlorogenlc and caffeic e.clde. 

colour developed by the action of nitrous acid on the ca.teo.ho1 

gz•oup, ~.ntens:tfied by all:uli and stabllleed by uroa, l>tfl.e etar.de.r·= 

d1sed asa1nst a ealllf le of known tannin content as determ1nt~d by 

the hio.e~powder mett.od. Comparative results of 3S samplea 

analyeecl. by t.he Offj cinl and colorimetric methods, sho·v-1 -a ma:r.J..muro. 

difference of Cog% l1etween methode on any sample analysed, and an 

average difference, neglecting the sign, of o. 3;·:. Adame and 
. 

Me:c·rill (337) extenc.ed Vorsatz 0 a method to pyroBallol tf::mnins and 

Butzer (33g) r·ecently contributed a t.horol\~h study of the I'ee.ction 

meoha.n113m D.nd stab1J.1 ty of the coloration produced, since the 

method gave e.ppreoif.ble Cl1fferenoee with different an<J.lyetso 

Bayak and Hirth (33S) similarly perfected two methods f:Jr tannic 

acid; (e.) a pho·tom£ trio technique using the blue colour produced 

With iron ammonium ~.lum flnd (b) a volumetric mathod baaed on the 

decolor•at ion of t.he blue colour used 1n the photometric teCihn1que < 

\'loodhead (3lt.o) previously devieed a refract1·ve 1ndax 

method for the rapic. and comparative assessment of the tannin 

content of black wattle barks. More recent Hork of the author 

has, houever, ahovm tho.t sucrose 1s an important non=ta.nnin con-

et1.tuento Ae sucre so eolutione have a. high re:fro.ctlve index e.nd 

the refractometer ir· actually used for sugar estimations, t1hu 

'doodhead method T .. vould only be effective '\·rhore the tan/nc-:1~tan r·a.i~t,:• 
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1:8 constant. Sherr~· (341) showed that thie ratio 1ncreaaee 

gradually from 2 . 7 tc1 3c 5 over a period of 1 to 9 years of growth. 

The refractive :'Lndex mothod ie thus unsuitable ~;hen barks represent= 

ing different stages of grol-Tth ai•e being investigated., but still 

applicable to comme:r(:ial extracts with relatively constant trul/ 

non= tan re.t io s. 

Bryant and He..rt1n (363) :recently found that a. lineal" 

regression exiata between hot-water solublee und tunn1n content 

ot: black 1-1a.ttle barkn, o.nd derived a.n equation from whlch ta.nn.in 

contents may be calculated from known values of hot wa.ter solnblEH~ o 

Their aumples on whioh statistical d.ata. were baaed vrere, ho7.-¥ever~ 

collected from the lower · portions of relatively mature t:~eee 

(mainly 25 fto high tu"1d also 5i years old) which would ahow llttle 

va.rla.t \.on in tan/none• tan. ratio so The main critic ism of vfoodhead u a 

method is, therefores also applicable hereo 

From the previous oonat1 tut1onal inveet1gnt1on on 

black wattle tannins~ two possible methods of e.nalysis were evio.ent 

and these have now 'boen more thoroughly 1nvost1go.ted. Due to 

its high eolub111ty blE>.ck "'rattle extract la eminently suited t o 
' 

photometric methode, and the recent advent of differential mothode 

(342)(J4-3H3J+4) th:roueh 1-thich accuracy equal to that of volumutr1c 

and gravimetric proc~1dm•oa is attainable (345) ~ has rendered 

possible the use of oasy, Cl.1rect and accurate techniques, 



phenyl, naphthyl, antllryl, carbonyl, azo, n1 tro .and hyd:rosulphldo ... 

groups absorb radiant energy 1n the ultra-violet and visible 

regions of the epectrtliilo These are known ue chromophor e g1ou~a " 

Thus aromatic compounrle uh!ch possess the ~Jell~lcnown resonance 

cha.raoterlatlcs o:f tht3 benzene rinp; show strong absorption 1n 'the 

ul tra=violot :region 2'30 ~ 2So mp, whereas non-rcsona.tiilg At:r. ucturee 
-

such as pnraf:t"'ins and eome sugars a.re colltpletely transparent within 

this range. Further:nore J in a homo logo UB eerie S 6 e . g e the alkyl-.. 

benzenes, the spectra resemble e~tch other very cloeely in l ocntionJ 

shape e.nd intensity a.3 the resonance absorption 1e due to the 

unsaturat1on o.nd resonance effects inherent in the benzene r in::s 

and ie essentially independent of nlkyl substitution (3i~6) . 

Since absorption in the ultra-violet ia e;overned by the 

chromophoric constltutlon of the compounds under invest1gat1on 9 

the spectra. of rele:te1i materials will have the distinct genel'al 

properties of that cl.aes of compounds. Infra•red and Raman 

spectra by comparison a~e unique for each compound. The slmilarl ty 

of the ultra-violet spectra holds the d1sadvunta8e that e1m11nr 

compott.rlde are usuo.lly 1 ndist .1ngu1aha.ble from each other and 1 ts 

use for the .analysis ()f multicomponent syeter.1s is not; feasible " 

On tho other hund for qunnt1tat1ve analytical purposes.. dev1at1on a 

"from Beer 9 s Law are l:Jss frequently encotmtered in the ultra-vlo).et 

than in th~ more char1cteristic 1nfra ·red region (346)s althoU3h 

exceptions do occur. One reason for this is that the energies 

involved in electron1J transitions are much greater than thoe~ 

involved in vibratiom~.l ·crn.ns1tion~u and are less affected by lO'!..J' 
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energy inter-molecular interactions. 

Black 11ratt:Le tonn1ne contain chromophoree ln the form 

of phenolic nuclei, and previous work in these labora.tor:L.sa 

sho·wed ·t.hat dilute a.(lueous, methanolic and ethanol1c aolL1tlone 

give a broad absorpt:.on band wlth a single peak on a Beclr.man 

Model DU Spectrophotometer. (Figo I). Russel (13~) previously 

obtained a double peak at 2g6 D}'l (maJor) and 270 1I}t1 (minor peale) 

uaing an tnetrument ctf higher resolving power. From the. above 

diacuaa:ton 1 t is obv:·.ous ·that the peak is not character1et1c of 

black wattle tannins ;, but is also found with catechin (Fig . ·r ... IV) t 

hemlock. ellagic acid ( 13g), Douglas fir bark tannin ( 31t7), 

llgnins {34S)(349), redwood tannln and tannic acid (254) although 

the mola~ extinction coefficients differ in ench instance. The 

curve ob·tained by plott ina the absorption denai ty at 2go my 
against concentration, using solutions of varying dilution, waa 

a straight line and ;,t thus offered · a rapid method of ts.m11n 

analysis. · This was confirmed recently by Sohn (326) who showed 

that in add1t1on to uirnosa, lignin sulphon1c acid, quebracho and 

plne~ba:-:-k extracts bohave s1milarly. 

Gums and sugars are known to constitute the non=tans 

in black wattle extracts from the present investie;ation (Chapter 

IX). The sugars, e,g. aucroee, do not absorb radiant energy in 

the visible and ultrE~v1olet regions of the spectrum (351)(352). 

The gums which are formed frurn galac to ee, arabino a a, 

rhamnose and uron1c HCid res idues would be expected to behave 

e1m1larly. A eo lutton containing o. 316 grms. of th.e n.atut'al 
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Fig. tJ:V. Ultra-violet Absorption Curve S>f Black \'/attle 'Jlann1ne 

e:x.:uda:te- of the bark' per 11 tre we.e found to e.ho~1 slie;ht abeo1"P·t1on 

at 2SO ~· (Absorption density" 0.031}. This gum wa.a un ..... 

pur1f1EiO. and knorm to contain aalta, but ~Jas chosen for exam1natl.)n 

1n preference to the ~urn in the extract which was nlmoet impossible 

to free of the last tr-aces of tannins (See Chapter IX). The 

most concentrated a·olution used in the present photometric invoa•a 

t1gat1on contained. 2. 5 g:r:me. extract per litre n.nd gave s.n abaorp= 



tion density of Oo50C at 2go ~when diluted 4o times (25 ml/litre). 

T.his ext:rn.ot eolut1or. before dilution corresponds to o. 175 r;rms 

gum per litre, {see Chapter IX). The af orementioned. Aolution 

of the natural exudate was diluted about 72 times (14 ml./11t~e; 

to obtaln e. gum solution of equivalent strength fo:r- mea.eu.:t"ement. 

The small absorption found ( s =o o.oo2 at 250 n;Jl) corresponded 

to o)t-% of the total absorption density of the extract ae a whol~. 

The absorption is H func·tion of the phenolic tannin 

content only~ a.e a. very lou proportion of 11 half tnns11 ( sma.11 

phenolic bodies whic.b do not tan easily) are present 1n wa:ttle 

extracts, and the sugars and gums do not absorb in the visible and 

ultra-violet regions. 

U~tra=violet absorption spectroscopy has recently bden 

employed for the accuro.te determination of Vitamin A (.353) a 

phenolic aldehydes <;54) and nicotine (355). 

One difficulty 'ttTith black wattle tannins is the eaee 

with which oxidation occurs in the high!y dispersed state necessary 

for analysis. This results in el1ght darkening of the water~ 

white solution and a perceptible 1ncreaee 1n absorption density 

even when freshly distilled water of low oxygen-content 1a used. 

(Table XVL 

The height of the whole curve 1s raised and no lateral 

shift of the peak occurs (F1go LV). 
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TABLE ~. 

Increase of Ab~orpt1on Density due to Atmospheric Oxi~~tiOJ! 

( 2. 5 grm. extract of 61% tannin content made to lL. Diluted 25ml/Ltr) 

Time 

~ 

I Abeor~tion Density at 
'1 

after 2nd Dilution % Increaue I J 28o ~Jl and 1. 9 mm. s. vi. 
~ 

23 mine. o.4-9S 0,0 ~ 
so 0.501 o.6 I 

160 0.503 1..0 

380 o.sas 2.0 

114o Oo517 3og 

\ 
\ \ 

\~ 
Original Solution 

'\ "'---------

Ox1dieed Solution 

o.o625 grma/L 

T = 15 - 1g0 c. \. 

' '----

0,01--------T·------~-----r------r-----~----~-------·,~--~ 
24-o 250 270 2so 290 300 310 )20 

~· 
F1g. LV. Increase of Absorption Denei ty due to A tmospher1c Oxtde.t1cn 



AbsOl'pt1on incrsaaea due to '':xida.tion may '.)e nvo1:let3 by 

(e.) \'/hen the ~annl.ns are kept in well=cor·k.ed solutions o'f 

the usual analytical st:rength (605 grm/11tra) or· of &.ppi'oxi:ms:tely 

or-.e·..,thira ane.lytical FJtrength (2 = 2 o 5 grm/litre), da.rlwnln~ d.ue 

l;o <?..tmospheric oxida:;i(')n is very limited. This 1e due ~o th,:; 

al113ht oxidation of ~l much larger concentration of tann.7~ns by 

the relatively conet mt but linited amount of oyygen in solution , 

Rapid meaauremEtnt We."3 made innnediately the tannin/oxygen ra·tio 

1•Te.a decreased by dilltion to that analytical strenBth which f~:JllH 

w1t.h1n ·tho range of ~he 1nstrwnent" The stability of a solv:t; ion 

of high tannin/ o:xyc;e:'l rut io is shown in Table XVI., 

§..£!!.Plllll..Jl~ LOn oi' H~h .concru2~ ra tt9Jl_j .. 2~~·_gj.:mL~::1_!;_~,u_.~q, 
[1._1mo BJ?,.qerlc, .Qx1~1Pl1 

r--~-... 21$£·· ~·~~......-..... ~~- ----'3 

l,c...ge of Concent:r·ated :,er1od before measurement Absorption Dens~ .. ty £.t 
I Solution after 25/1000 ml di.lution. 2So mp & 1" 9 mn, S\'11 , 

~0 m1~~~ee~ • ·2~-=~u~ee- -~9:-------~1 

:~: :: I ~: : I 
Oo4-Sl9 

l~~~GI'S:·-»C ' _,....., ... ·--~·-----· ----.1'-----·-·-·-·-----.......,__.-.... ,... ,... ... -t"-

19 ho'l!'e e·-;~mding of the original solution re8ults ~.n 

~ 0 o 2.% lncreaee and :s3 hour e in a. lo O% increase 1n the :;.bsorp1,; io"l 

dene1ty of the dilut~~d solution. 
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(b) The z-elat,.vely stable concentrated solution ( 2. 5 grm. 

ext:c•act/litre) was dtluted (25/1000 ml.) as before D but the 

25 ml. pipetted was run into a litre flask already containing 

500 ml . of exactly 0,2;.: sodium bisulphite., \/hen made up to the 

ma:ck the resulte.nt o, l;t b1sulph1te solution was capable of 

stabilising tannin sc,lut1ons of much higher concentration (See 

ChP..pter XL 0.) 1.% bt sulphite solutions shoued very l01o1 nbaorp~ 

tion ut 2So mp (o.olL, 0,017, o.ol4) and in the presence of 

tannins :('aiaed the absorption c.ene1ty of the dilute solutions 

used by 2% (from o .. 499 to 0.509). 

latter• is remarkable (Table XVII). 

The stability imparted to the 

TAB4E-~ 

The S t a bil1 eirft Eff e <?.t . .. of_ 0&.1% Bi aulph,; 't!e. op. J~n.l!l 

Solutions of Hig_h D1):!!,tion,s._lo .• o625J6 extr§.Ct) 

Period at'ter Dilution Absorption Density at % Difference 
2ao m~ & lo9 mm. s.w. 

15 minutes 0.,509 -
16o u 0.50g -o.E 

464- II 0.,506 --o.6 

1440 n 0.507 ~o.4-

By employing b1sulph1te, therefore; or by taking 

photometric measurement sho.rtly after dilution to o. su1 tnble con~ 

centration range for the instrument, close agreement and high 

accuracy ie obtained" 
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The high order of reproducib111ty- attainable ln tt.e 

visible ·spectrum with the Beckman :-lodel DU Spectrophotometer- for 

inorganic eolutiona1 even between different observers, hes l)een 

recorded by Bastian, ~veberling and Pallila (341-~). Allowing for 

differences due to ox1.da'tion, the above results sho1-1 that similar 

reproducibility mo~ be attained in the ultra-violet reglono 

Preparati~n and A.!lGl.Ysis _of Sample for stan4.,nrdi.eation.J~JE:.VS.§ 

A large sample ( 1 kg.) of air-dried commercial black 

wattle extract, crumbling ensily to the touch and free from 

heeeian flbr.ee, was sel·ected eo that it could be powdered eae1ly 

wl.thout developing the stickiness of' the fresh extract. such a 

sample was in addition more closely equilibrated with atmospheric 

moisture and lees likely to alter \'11th time. 

'l'he whole sP.mple was powdered, thoroughly mixed, e.nd 

kept in a tightly cor.ited bottle. Samples drawn from different 

portions of the 'toT.hole 1<lere nne.lyeed by the Offlc1e.l hide-powder 

method, each analysis representing a dllpl1cate determination 

c-< Tannin - 66.43, 66.64, 65.83, 65.,12, 65.67 It -
o1 
trJ Non~tannln e lgo 74, lgo32, 18.97, 19~68, 20,20 

c1 
I" Insolublea a 1.37, lo52, 1)+1, 1.~2, ln69 

This srunple v:aq used in sttl1"1da.rd1sation cu:rvss "for- b.:l t:h 

methode of analye1Bo 

In the conventional colorimetric procedm•e, tha a.bsor,?tlon 
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density or transmittancy of the 11ght=abaorb1ng or coloured 

substance is compared with that of water. This has certain 

disadvantages which eer~ov.ely 11m1t the accuracy of the method 

very recently, .however, the ordine.ry procedure vTa.e re= 

placed by ''d1fferent1al11 method which gi vee results of hl.gh 

accuracy w1 th inorganic solutions, and excellent accounts of ,,rh1ch 

exist elaewhe~e (343)(344). Differential colorimetry in the 

ultra-violet region 1a also feasible (344). It consists briefly 

of setting the op·t1ce.l density scale zero (or lOO% transmittancy 

with a solution of a light=abaorbing aubatance ~n place of the 

reagent blank (water in this instance) usually employed. Thie 

requires '!;hat the concentration of the latter zero-point solution 

be known accurately, and be absolutely stable for the precise 

reproduction of the etandard. · In inorganic solutions previously 

studied (3~3)(3~4), the aqueous solution of the compound tmder 

measurement was qUite stable and reproducible~ 

Black wattle tannin aolut1ona of high dilution ar'3 un .. 

stable (Table XV), but in the presence of 0&1% biaulphite high 

stability is atta1natle (Tabla XVII). The use o~ benzoic acidp 

obtainable in h1gh ·pur1ty and exhibiting two rounded absorption 

peaks at 233 mp and 273 ~ (356), ls recommended as a replacement 

for the zero-point tannin solution~ 280 m? on the latter rounded 

peak still corresponds closely to the absorption maximum. Bsn­

zoic acid (o.g~oo grms/2 11tres at 2o0 c. diluted 2oojlooo ml.) 

proved to be an excellent and reliable standard (Tables XVIII anC.. 

XIX). 



~~abilttl of Bonzoic Acid zero=Point Standard 

L Period after Pre:;m. Absorption Density at cf Cb.e.rAge jtJ 

2go ~ & 1.9 mm. s.A. . 
;:;w ~ 

0 hours o.1t31t ~ 

16 It 0.4-34 -
! -· It o.4-33 :;;.. = 

I - I 

TABLE XIX ..... 

Reproduc.1.bil,1 t;r of. Benzoic 1\cid sta.nd.e.rq 

Absorption Density after 200/1000 d1ln. Wt./2 litres [. 
---------------~ 1 

o.sltoo 

o.s397 
o.S3S9 
o.S4ol 

o.li-311-

0oll-311-

o.lt-33 
O)t34-

Preparat.ion of the S~ta.n,d,ard Cury;,ft 

In e.ll measurements distilled "rater of low oxygen con= 

tent 1vae used, and f:resh supplies continually checked against 

that previously employed. All large dilutions 1-1ere p'Srformed with 

\-rater at 2o0 c. to avoid volumetric errors due to temperature effects, 

as all volumetric eqUipment was standardised at this temperature. 



( 'l'he specific grn.vi ty of 't'la.ter var~ee a. bout 2 parts per 10 j 000 

per 0 0. ( 34-4L G·ra.de 11. NPL pipettes and Bra.de B volwnetric 

flasks were used throughout. 

To prepare the standard curve, 2.05 erm. of the ~1alysed 

sample was weighed into a litre mensur1n3 flagk~ washed in with 

hot waterp completely dissolved, and colder water (2o°Co) added 

with shaking until near the mark. The whole was slowly cooled 

to 2o0c. a.nd maa.e up to volume~ 25 ml. of this solution Has 

Elccurately pipet ted into a second 11 tre flask conta.1n1ng 500 ml. 

of exactly 0~2% sodium b1eulph1te~ and made to the murk with 
. 

dietilled water at 2o~c. 

this solution had an absorption density of o.434, similar to that 

of the benzoic zero-p~1nt standard previously prepared . 

The benzoic ac1d standard "'llae placed 1.n adjacent cells, 

the sl1 t-w:l.d t.h set to 1. 9 mm. and wnve=length to 2~0 m)l. The 

dark current was adjusted and the galvanometer brought to the r.ero 

position uel.ng the sena1t1.v1ty knob aloneQ ThG companion cell 

vTa.a now el1o. into position and if any difference was observed a 

ooTrespond1ng correction was made on the solutions measured in that 

cell. This check was repeated at intervale, ae tannin solutions 

tend to affect the cell-blaDko 

At 2So II}U and the eeme el1t-wldth, the instrument waB 

uet; ~~alnat the benzoic acid solution and gave an absorption rand-

i.ng OoOOO lvith the tannin solution. Similar tannin solutions 

increasing by OolO grm. to 2o5 grm./l1tre were nou made up, diluteo. 

as before into b1eulph1te solution and their nbeorption measured 
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age.1nat the benzoic llCid standard. The resultant curve (Fig. LVI), 

was a straight line and the slight deviations obtained are most 

likely due to the sa.Hipling errors. Deviations from the line 1n 

pa::c•ts pe:r thousand it3 ehmin on the graphu 

solutions are closel=r reproducible . 

The value of all these 

O,O ~ OcO 

~-- ~o_"_o~--~~--~----~~·----~-~-~· T-~~~~~--~--~~~=~ ~ +I II U r=,, 
lo4oo 1.500 1.6oo 
Conono grms. Pura Tannin per Litre in Original Solution 

standard Curve for B1aulph1te-protected Tannin Solut1ono 



The curve obtained when rapid readings were taken soon 

after dilution, instead of using the stabilising bisu~ph1te solu= 

tlon, had a e1m1lar elope a.nd aGreed closely 'tvith the above . 

Unknown solutions were treated according to their origin 

(a) Those from commercial extrnota wore prepared as des­

cribed above, cooled to 2o°C~, and after dilution 4o times eave 

optical clarity. 

(b) Bark extrncts obtained by hot leaching in the ~rooter 

extrnctor according to the Official ~'tethod, showed turbidity due 

to n low proportion of sediment on cooling to 2o°Co The sedimen·t 

did not redissolve on further dilution and would affect abaorp 'tion 

measurement eo Solutions of the usual analytical strength (for 

the hide powder method) were thus centrifuged for ~ minutes at 

This eliminated all 1nsolublea. For accurate com-

pa.riaon l-T1th the hide-pollder method the reproduction of the 

etnndard extre.ct1on metllod wae considered essentialo 

Results ~ 
s:u::1o* .. Wst;l:Q2JU;s;:;:eaa 

(a) The following weights extracted to 2 

litrea were diluted 1~ ml./litre before use. 



=317 .... 

U!aLJil ~ 

Observed Values % Ts.nn!n l 
Code No. Weight (Benzoic Acid zero-point FounQ. H1de=p(lr., 

standard) _J 

W/15 2Jgm. o.o64 0o063 33og ;4.9 ! 
! 

S/33 2;gm. o,ogo O.ooSo 35.0 35.3 
I 
I 
I 

o.o61 
! 

S/34 24gm. o .. o6o 32.2 32.7 

D. F. Ca 22gmo o.o76 Oo076 36.2 t 35.2 

16/deW. 2Jgm. Oo05J 0.053 33.0 )3o) 

17/deW. 22gmo 0.070 0.070 3.5 .s i' 34.3 
I 

lS/deW. 24gmo Oo072 0.072 33.0 33. 2 I 
) 

' _J 

v Similar high vnlue (compared With the hide-powder method) were 

also recorded 1n the colorimetric method. (Table XXV) . · 

(b) Tannin Extracts. 2.5 grm. extract per -litre diluted 

25 ml./11tre before use. 
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TABLE XXI 

- .. .. t ..... . . . . ., 
1 .... =-., 

% Tannin j I 

Code No. Observed Values I 
• UoVo Method. • Av. _I I Hid.~-Pd.::__Av. 

4o9 o.o62 o.o62 61.g4 61.g 

410 0.055 0.055 61)+5 
6o.94 

61.5 
61.7 

411 o.o4o o.ol+o 61.S 59.17 
412 0.,0575 0.0575 61.30 61cg 

413 o.,o69 o.o69 62.72 61.7 

414 0.065 0.065 62.2lJ. 61.1 

6o.63 
61 .. 11-o 

61.1 
61..2 

415 0.052 OQ052 

416 0.047 o.oll-7 6o.o1 6o.s 

417 0.051 I 6o.6o 61.9 I 
I 

418 o .. o62 I 6l.gJ.t 62.3 I 
I 61.30 62 . 2 I 

1+19 o.o61 I 61.70 62.:~ 

I 420 0.055 61o30 62.3 

(o) Purified Black Wattle Extracto Previous work of .the 

author has eho\in that the phenolic fraction of black wattle ex~ 

tracts could be almost completely "purified'' by the removal of gume 

and sugary non-tannins, ue1ng a vuriety of methodso This w·ae 

confirmed bv the later "'orlt ot Buchanan, Lel·Tis nnd i·/eber ( 357) c 

During the 1r>alat1on of eme.ll q tant1 ties of auch purified ex·tru.cta 

a fair amount of colour- darkening due to oxidation was unavoidable. 

The use of purified extracts for the preparation of the standard 

I 
j 
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curve was thus thought to be ina.dvisa.ble, but the following a.nalysie 

1s of 1ntereato 

0., 3966 gl~mo of lead=ee.lt purified tannin made to 250 wl. 

and diluted 25 mlo/11tre gave the absorption cleneitiee "" Oo0505, 

0.,0495, 0,, 050Q 

Found ~ f. T.1nn1n :;g 95 o 2 ( ul tra=v1olet) 
. 
f.. Tannin ~ 94 )t and 93 o 1 ( h1de-po'\o!O.er) • 

Colo::-1metr1c Me_jhod of Ma.l;[f!J..J! 

Chromatog::-aph1c studies by the author have shown that 

the bulk o:f' the pol:rhydroxyphenoli.c fraction of b:'..ack wattle 

extracts contains o~thodihydroxY and orthotrihydroxy phenolic 

bod1eso Only one netn~hydroxy phenol of high RF valuB (Oo92), 

possibly a. phloroglac1nol derlve.tive present in exceedlngly low 

concentration~ could be detected on paper chromatosramso The 

eat1m<J.t1on of orthohydroxY groupe would thus eerve as an index of 

the total tannin coutonto From the discussion preceding the 

ul tra-v1olet method 1 t i8 obvious tha. t the non= tannins will not 

1nterfereu 

Color1metl'1c eetimAtlon of such sroupe has previously 

been studied by J.Iitnhell (206)(281), Price (287) and Glaestone 

(2Sg) usins ferroue tartrate tn the presence of a buffer . The 

complex formed produces n blue-violet coloration, and 1s an exceed= 

1ngly aensit~ve teet for phenols of this classo Complexea formed 

l't"ith orthodihydroxybenzenoe are similar to the anionic 11 a.ton com~ 

plexee foz·med by dihaslc oxy-acide. (2S6) 0 The orthohydroxy 



chelate grot.lpB joined through tl-To a.toms to the central ferrous 

atom a.'1d eo formine; a ring, g1 ve complexes of exceptional ata.b111. ty 0 

The colour-1ensi ty of the above complex varies t-ti th pH 

(25El) at a given conc3ntrD.tion, but mu1n .. ca1ns nn even mnximum 

ever the wide range p :I ~ 6. 5 to g~ 5 u1 th black ,.,attle tannin. The 

t1ee of n bu:t'fer to ke~p the pH value within this range lap there-

:t'or eR essential. In this photometr•ic otudy a Beckman I-1odel DU 

~.pectrophotometer G.nd. the earue principles employed Hith th$ ultra­

violet method were ussd. 

Materials 

The materials described by 1-Utchell (2gl) OJ."ld Gl aastone 

(26S) and the volumet-ric apparatus previously mentioned , -:rere ueedo 

Ferrous tartrate reagent ~ 1 grm. c. P" ferrous sulphate 

a.nd 5 grme .. C.P . Rochelle salt per litre. The solution ·&rna un-

e.table and f'reAhly prepared every 3 - l~ hours. 

Ammonium aoetnte buffer~ 10~ solution filtered before 

use, 

t,Ja.ter. Tb.e optical density of each new batch of dis~ 

tilled ~va.ter wa.e mntc.:-ted '\'11th that previously usedo 

Conditione of Complex Formation 

10 ml. of the tannin solution containing about 2 grms. 

of extract per li tro ·was carefully pipet ted into a olean dry flask. 

~·o this 'tiaa o.dcled, using pipettes, 120 ml. water, 50 ml. farrov.s 

t artrate reo.gent and lastly 20 ml. runmonium acetate buffer. Add1~ 
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t1on of the ferrous tartrate reagent must precede the latter as 

the colloidal phenom,;mo. arise when the process ie reversed. The 

ratio of ferrous ta:"tra.te reagent to the total amount of phenol 

present is of importmce,. as this influences the stability of the 

co lora tiona The ac}uracy of the method ultimately depends on 

the care with tvhich ·;he pipetting ie carried out. 

Spectrophotometric F..xamina.t1on and selection of Uave-l,ength 

The ferrou3 tartrate-orthodihydroxyphenolic complexes 

are visually identical for pyrogallolg catechol and their derivs. ... 

t1vee. The colour density developed, houever, ,differs for pyro= 

gallol and catechol derivatives (287) but both show the some 

broad absorption bands with peaks at about 5'+5 ~ (Figo LVII). 

This peak is most sensitive to concentratton changes and a.ll 

measurement was thus carried out at the above l1ave-length. 

0.2 
300 

. . 
I 
I 
I 
I 

I 

\ 

\ 

I 
I 

I 

' - / 

4oo 

/ ' , 
' 

' 

-- ...... ,., "\. 
/ ..... 

I \ I' '\. I ....__/ 

" 

wave-length mp. 

500 6oo 

' ' \ 
\ 

' 
' Black ~'/attle 

Tannins 

Pyrogallol 
Gallic Acid 
Casuarin 
Catechol 

Catechin 
7tJO 

F:l.g. LVII. Ferrous ~·artrate - Qrthohydro.xyphenolic Complex Abeorp~ 
ticm curvse . 
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The oasual•in was isolated from Casuarina equ1eet1fol1a 

bark according to Onima (200) and catechin :from gambier extracts by 

Perk1n 1 e (~9) methocl. 

Stabil~ty of the Coloration at ~5 IDJl 

The ubeorpt1on- dene1·ty of the tannin-ferrous tartrate 

complex, prepared an above using a solution containing 2"5 grm. ex= 

tract of 6o- 611l tannin content per 11 tre { anD.lyt1cal strength aub-

-eequently employed) :> measured at ~5 mp and a eli t-width of Oo 02 m::nQ :o 
~ 

increases slowly with time (Table XXII) . 

TABLE XXII 

~ .. a,b111ty of the .fJU.•rous Tart,rate=Tannin Co!!$? lex at_ 24-.. 'l ..Ffo and ali.t~ 

width o.o2 nun. 

Time w(:'1nutes) ~ =A~so~t1~n n;n~;.t~~:j -: -~ ~-I~~re~~~-
~ ...,... 

~ 0 I 
I 2.5 o .. 495 

4.0 o.ll-97 0.4 I 5.0 o .. 49g o.6 
6.o 0.,499 o .. g 

7eO o .. soo 1.0 

g.o 0 .. 501 1.2 

10.0 0 .. 502 1)~. 

11.5 0.,502 1.4 

14o5 0,505 2.,0 

15.0 Oo505 2,0 

17.0 0~507 2..lt 

2J.O 0~509 2.8 

30.0 0 .. 510 3.0 
! 

....J 



Time was taken from the etart of the addition of t he 

ferrous tartrate reaeent , and from the above a 3% i ncr ease occurs 

over a 30 minute ageing periodQ Due to the relatively slow 

increase in valu~a constant result may be obtained onl y by 

. adopting a standardised procedure . 

Selection of the zero~Point Sta~dard 

Due to the 1netab1lity of the complex9 1te use in differen-

tial analysis is unsatiafn.ctory. The substitution of ano ther aolu~ 

t ion whi ch ie completely stable, giving high absorpti on at 545 mu 
I 

{ e.s in the case of the ultra,;,violet method), is neces a_a ry" For 

this purpose Thomeon 8 s grey solution (35g) which has been devaloped 

as a s tandard of optical density, 1s eminently s uitable. Th1a 

i norganic grey solution contains the following const1tuante per 

litre ~ 

cr2 (SO}t) 3 , K2Solt . 24 H20 {Analar) 16 .67 grm. 
' 

CuS04 " 5 H20 (A.nalar) 33. 33 grm, 

CoS01f. • (NH4)2 304- • 6H20 (Recryst . ) 39.,50 grm" 

K2Cr2o7 (Analar) 120 . 0 mgm. 

The eolut1oJn may be used only after an ageing process of 

6 weeks~ and gives high absorption over a wide wave~bando It 1e 

r elatively stable on d1lut1on3 men treated -..rl th organic matterb 

heat and with time. An already aged solution (4 month s) di lut ed 

and aged for a further period (1 month) showed the f ollOliing 

stability : 



TABLE XXI II . _., 

t~~---- ,._~......,., r· -~~· .. , ... otw:w ..,__.._._.........,.....~ .... ,.,....,....._. 

1-= _Ti_;n~J..days:_. 1 ___ Absorption Danei_..tY,__ __ r--~ 

L_; ____ _l ________ .,...,~:-~_~: __ , ____ w~-. .--· 

Frepara t.ion o1' Stnndal'Cl Curve 

Blank values of the cella wer·e determined a.s in the 

ultra-violet method. lG 725 grme .. of analysed sample 't'l"a.'3 made to 

B. litre. 10 ml. of th1e solution was p1petted 1 and the rema1nd.ei! 

of '~Jhe reagents added as rapidly ae possible in the auccesalon dee-

cr1bed. Readings •,o~nre taken immediately, 2. 5 - 3. 5 minutes after 

the addi t1on of' the terrc1ue tartra1;e reagent • in an inat:r·umen.t 

standardised against the diluted grey solution at 54-5 m}' 3.nd a el1 t~ 

w16.th of o. o4 mm. ·~hie 't<~as repea.1;ed w1 th tannin oo lutlon s incre!ls-

ing from lo 75 grm. t() 2.10 grm/litre in Ou05 grm. amounts {Table XX:IV) 

r~ 

I \v t , 

TABLE XXIV ·-
.--------------.,------------.,~__..-.,.. =, 
I j 

Extract/Litre \~t . Pure Tannin/Litre Absorption Density 1 

1=~-........_---+--~· •azo • • 

(~ainst ~11. g~-=~~o~r~_j 

I 1.725 1.139 
lo75 1.155 

l . So 1.188 

1.S5 1 , 221 

1 .. 90 lc254-

1.95 1 ,2S7 

2 . 00 1 .. 320 

2.05 1,353 
2.10 1 . 3~6 

... . ool 
.oo6 
.022 

.03lt 

. 000 

. oo6 

.020 

• 047 • olt6 

.o62 .o6o 

.075 .075 

.ass 

. 104-

.020 

.0875 

I 
I 

I 
! 

_____ j 



These reac~ings Here plotted (Fig~ L.V:rii) giving a 

11n-3ar relationship bet\veen absorption density and concentration. 

o.11 

0.10 

0,07 

0.,06 

0.02 

Flgo LVIII. StandtUd Curve for Colorimetric 1-lethod. 

P~alye1a of Analysed Samplee 

C a) 

Sepa~ate extractions were performed on the aame samples 

as the solutions previously used ror the ultra~v1olet method had 

deteriorated due to sllght mould growth~ The use of fresh solu~ 

tlons was also neceeBary in order to compare results obta.lned b :r 



both new methode 9 anc. so determine whether deviations shown by 

the ul'tira-v1olet mett·.od ltlere reproducibleo 

The standai'd procedure for the Procter extractor ~!{aa 

used 0 but successive near ly- complete drainag~of the extract1Lg 

solution wertt allowed befor·e running in fresh hot distilled ~nater ~ 

The extr~cts were cooled to 20°C", centrifuged ae before (3,500 r oPo 

rno for 4 minutes) and diluted (150 ml. to 500 ml.,) before uaeo 

'Jlhe resultant optica lly clear eolut1on was used to prepare the 

colorimetric eolut1ono Opt1ce.l measurement was m.?.de 2 o 5 to 3 .. 5 

minutes after the adc11t1on of the f errous· tartrate reagent Q 

TABl..E m 

% Tannin 
t------.._----~---~~-

Wt/2L Readings Colorlmetric UoVa r Code No. I 

-------~---------r------------~-------T----------~--------~~ I ! 
W/15 

S/33 

16/deW 

17/deW 

lg/deW 

23 

23 
24 ' 

22 

2J 

22 

24-

o. o2g o. 027 

0 . 029 0 .. 029 

0 . 012 OcOl2 

Oo 02g 0" 027, 

0.015 0.015 

Oo005 0 . 005 

0 0 019 0.017 

(b) Tannin Extracts 

35.2 JJ.! j 34o9 
I 

35o4 )5o0 , 35)t 

)2o9 ))o2 

:.;609 

;1+., 4 

35o3 

33.2 

2nO gr~s/litre were weighed. dissolved and made to the 

mark. ns before (Table XXVI). 
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TABLE XXVI -
£W$ tPC:S =- = ,..._ .... 

% Tannin 

Code No " Read1.nge Colorimetric AVo H1de~Pdr. Av. 

- - - -·· ... ; .... "' 

4o9 0.029 0.027 60.951 61.~~ 
410 o.o24 o.o24- 6o.s 61.5 ' 

411 6o.4 j 6o.1 
61 .. g I 61.7 

o.o2-; 0.023 

412 o.o2g 0.027 610 0 61.S) 

4-13 Oo032 0.031 61.4\ 6l.~t 
414 0.030 0.029 61.1 61.1 

61.1) 
61.0 

61,1J 
61..2 

415 Oa030 0.029 

416 0.0225 0.,0225 6o.3 6ooS 

417 Oo02S 0.027 6o.9l 61.~1 
4lg 0.030 o.o2g 61.1 62.3 

6o.9 ; 62.2 
419 0.030 0.029 61.1 J 62.3 J 
lt2o o.o24 o.o24 60o5 62.3 J ~ .. ~ 

(o) Purified Tannin 

0.2667 grm. of the lead-salt purified tannin used for 

the ultra-violet method was made to 200 ml. 

Found g 

{H1de~powder method = 94.0%, 

Maximum Accuracy Attainable 

From theoretical considerations (345) the highest accuracy 



may b'e achieved with the Beckman l-1odel DU Spectrophotometer by 

\>torking at the maximum eensi t1vi ty and maximwn oo ncentration 

possible without caus.Lng Beer 9 e Law deviat1onea Enough light 

must paea through the zero-point standard to effect the zero 

setting .. This 1a acnompliahed on the Beckman by working at much 

wider elit=W1dthe normally used with water or a. reagent blank ns 

zero- point standard .. U1den1ng the el1t~w1dth, howeverD increases 

the b~~d width, and decreases the monochromatic character of the 

emerging lighto Thus w·ith copper sulphate solutions (343) too 

wide a al1t=width gave a curved rather than a straight line . e.nd a 

compromise, between concentration and monochromaticity was necoasary i 

so that band widths uaed with wider alit-widths d1d n~t stretoh 

into regions of low intensity. Slit-widths used (e . g" for water) 

are normally wider in the ultra-violet than in the visual range . · 

Such cond1t:~ns were observed in the ultra- violet method 

where a wide slit-width (lo9 mm .. ) at 2SO ~~ corresponding to a 

band width of 6017 mp (from dispersion data supplied with the ~.n­

etrwnent), and the sens1t1v1tyknob as far over to the olockwise 

side as possible, wae used. The choice of the absorption denn1t y 

for the standard solution was arbitrary and only dictated by the 

above conaiderat1onso The el1t-w1dths which may be used in the 

ultra-violet region vary from instrument to instrument etnce 1t is 

partly dependent on the adjustment and age of the ultra.~violet 

source. (344) • 

. In the colorimetric method the alit-width used { o . o~ mm.} 

corresponded .. Lio a bancl=w1dth of 1.06 mf at 5'+5 m)l. As the abBorp= 



tion curve (F1go LVII) of the black wattle complex shows a 1,-ri de 

maximum ( ::> 50 mp), \\'Ork at wider eli t - liidths and higher concen~ 

tratlone is possible . The limiting f~ctor in the accur~cy of the 

method is, however, the relatively unstable complex (TP..ble XXII) 

and measurement at higher concentrations would bring no added 

advantage ., 

Discussion of Results 

It ia important to note when compar1n3 the above 

re sult~ that the tannin estimations by the hide powder method of 

the st~dardis1ng extract aemple, the bark samples and the commer~ 

cial extracts> were ca.rried out by different indiviqual s or groups 

of 1nd1v1dua.le. 'l'he Official Method allows e. maxi mum d i fference 

of 3t between results obt~ined by· different analyst s when ua1ng 

the same sample. 

The standardising sample, the purified extract and t .he 

barks were analysed and the results calculated in the u.sual way, 

but for the commercial extracts (annlysed by a commercial firm ) 

a different technique. used for large~scale batch analysi s to 

ensure tm1formity of the product .... wa.a employed. Here the t otal 

eollds were determined as usual, but the eolublee and non-tanulns 

wer e est1Inated as average value·s per batch of four eamples 0 

obtained by mixing e~ual proportions of the analytical solutions 

f or eat 1mation. Tt,~ percentage tannin for each s amp l e in the 

batch was calculated from these averages by maki ng allowance fo~ 

the differ ent mo1etUI·e contents of each ana us ing the same averaged 
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tannin/total solids ratio of the whole batcho ·.-11th photometric 

methods the VP._lue of ea.ch SPmple could be read directly !'rom the 

curve, and these reEults were averaeed merely for comparative 

purposes" 

~·/hen comp11ring the accuracy of bark-samples it must be 

remembered thP.t two factors are involved g- (a) the degree of 

completeness of extraction and (b) the accuracy of tannin eetima= 

tion by different P-nalyeteo A combination of these two factors 

probably accounts for some of the variations obtainedo 

Considering the above f~ctors, both methods o~fer new ~ 

rapids accur~te and direct techniques for ln.rge-aca.le tannin est1ma ... 

tion of liquid or solid extrf'cteo The ultra-violet method appea.rs 

pre~erable due to 1ts ~cater simplicity, rapidity and tha greater 

degree of stability of the b1aulph1te-protected tannin solution 

used for Pbsorption meaBurements~ Results as nccurate 8 are, holv= 

ever, obtainable with the colorimetric method once some practice 

in standardising the technique has been obtained. The latter 

method has the further advantage of being ap9licable to photo­

metric apparatus of simpler conetructiono Photoelectric color1~ 

meters are suitable since oppropr1ate filters may easily be 

selected to cover the brond absorption band exhibited by the com~ 

plexo The maximum precision attainable with such colorimeters 

haa been discussed (345) and can be aeeeesed. Rough estimat1ona 

may also be made with Nessler tubes, and may be used for the 

approx1r.~ate determination of samples of unkno\>Tn tannin content ae 

a necessary preliminary to the hide-powder methodQ 
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Experimental summary 

To facil1t:lte the practical application of both 

methods the following aun~ary is presented ~ 

{ a) Ul tra-vlo let Me~ 

The following solutions were prepared ~ 

(1) Zero~po1nt etandRrd . O~g4oo grm. benzoic acid 

per 2 litres diluted 5 times (200 ml/litre). The diluted solution 

should show an abAorption density of 0."4-34 at 280 rnp and slit= 

width 1.9 mmo against diot1lled water~ 

(2) Tannin solutions for e·tn.nda..rdisa.tion curve" 

Five solutions of a previously a.n~<lysed (hide powder method) well­

mixed tannin s~.mple liere made & increasing in concentration from 

These were diluted 

ll·O t lmes by accurRtely pipetting 25 ml, of each into litre flasks 11 

each containing 500 alo of exactly Oo2~ bieulphite solution and 

diluting to the mark. 

Nethod : The Beckman epeotrophotometer was set against the 

benzoic acid standard at 2So rof and lo9 mmo slit-width nnd the 

absorption densities of the tannin solutions determined 1n the 

ueuel wayo Plotted on accurate graph paper, a straight--line 

relationship between concentration and absorption-density was 

obtained. 

Jl!l!t•~own. samples ~ Solutions of extract e of unknown tannin 

content (ca. 6o;n were mEJ.de up RS n.bove (2.,2 grme/11tre diluted 

40 times). Bark samples (oao 35% tannin content) were extracted 



in the Procter extra,~tor by the Ofi'1cial Method and the resultant 

solution centrifuged (3,500 r.p.m. for 4 minutes) and diluted 

1oo t1mee < 10 ml/11 ti:-e) ~ 

The p.beorp·.aon dene1tiee of these \'rere determined 

against the benzo1c acid etnndard as before, nnd their value in 

terms of ta.nnin content refld directly from the grapho 

(b) Color !metric Mothod 

The following solutions were used ; 

(1) Ferrous tartrate solution ~ freshly prepared 1 grm. 

c. P. ferrous eulphato and 5 grm. Rochelle salt per litre. 

{2) Ammonium acetate buffer ~ 10% solutions filtered • 
. 

(3) zero-point atandard g Thomeonve grey solution (3~) 9 

diluted and AU1tably aged to give an absorption deneity of o.434 

at 545 mjl and el1t~width 0.02 mmo against water. 

(4-) Tannin solutions for etandardieat1oh curve . 

Eight solutions of the previously analysed (hide­

powder method) erunplt~ were made 8 increasing in concentration from 

1.75 to 2.10 grme/11tre by 0.05 grm, amounts. 

Method ~ To exnctJ.y 10 mlo of' each were added (in sequence) 

120 ml. water, 50 ml" ferrous tartrate reagent and 20 ml., e.mmcmium 

acetate buffer. Absorption density measurement of each was 

taken 2D 5 - J. 5 minutes after the addition of the ferrous ta.r1irate 

reagent in B. Bec.kman set with the grey solution a.t 545 m)l and a 

Plotted on accurate graph paper a straight~, 

line relationship between oonoentrat1on and abAor.ption density was 
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obtained, 

Unknown Samples ~ Solutions of extracts (2 grm/11tre) and 

bark samples (diluted 150/500 ml.) were prepared as 1n the ultra­

violet method, 

The abeorp1i1on dens1t1ee were determined against the 

grey solution as above, and their values 1n terms of tannin content 

read directly from the gt•aph
0 



THE 11 MOLECULAR WEIGH1'11 OF BLACK WATTLE TANNI NS 
~~--~~-----------.--------~--~~--~~~~~~~ 

In the past, 11 molecular we1ght11 e"t;udies on the t annins 

were complicated by three factors 

(a) The complete elimination of carbohydrate non=tannine 

could not be achieved without s.l taring the na.ture of the t ann1ne 

by oxidation or oondeneationo 

. (b) No suitable method was available to cover the molecular 

range 500 = 2000 1 and 

(c) Suitable solvents ho.d not been found for euoh determine.= 

tions . 

The latter aspect particularly presents d1ff1oul tiesp 

a.e the completely dry amorphous tannins are soluble only in those 

solvents o~ small molecular dimension (eogo water and methanol) 

which are capable of penetrating the intermolecular spaces; on to 

Which the tannins may hydrogen-bond strongly 8 a.nd Which finally 

act as dispersing media for the tannineo strong intermolecular 

forces between eolvent and solute are obviously undesirable . 

Hitherto the el1min8tion of sugary non-tannins was 

accomplished only br prolonged electrodyalye1a in aqueous med1umo 

This method necessitated the use of membranes which allowed the 

penetration of small molecular bod1ee (eogo sugars and small 

phenolic Qnits)e and retained the large molecular un1te (highly 

condensed tannins) which were then isolated for ttmolecular we1ght11 

studieeo Ae 1t 1e now known that gums of large molecular weight 
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are present in the e:~tract it is obvious that these could have 

been present amongst the 11 pur1fied11 tannins< Electrodialyese 

uere also run under cond11•1ons :-'hich permitted the oxidation and 

po ss5.ble condensation of the tannins. The nvera.ge particle size 

of the product A of purifi cation was, therefore, bound to be hig.1:1
1 

and lfas not s true index of the average 11 molecular . we1ght11 of t;:1e 

Previous work on 11 m1moea11 extrac·ta in this connect1cn l.'!l,!V 

be summarised aa in !~able XXVIL 

''Molecular we1ght11 determina.t1ons on the der1vs..1avee of 

black wattle 'tannins hs.ve also been a.ttempted. · Rich ancl Stephen 

( 371) used o. cryoscopic method with dioxane as solvent for. deter~ 

m1n1ng the avera.ge molecultl.r e1 ze of the methyl a ted and. fl''Etct 1ona ~e 1 

acetylated tannins. 

substance 

~et.h.yla.ted 1'a.nn1ns 

.r-.cetylated Tannins 

Ac etylatea Tannins 

JAt etylateo Tannins 

They found ~ 

~--~----~--------~--------------~~~~~· 

F::' • I 

F;~ ~II 

F::-. III 

1700 

1900 

1300 

3000 

1950 

2200 

1450 

3500 i __ 
---~--•--=""--.,..,.,..-·------.-...,....__.....'»t!...__f'IDC:»c:aoo: ... w w ..• ,~-~~,. . ._-f 

D~e t r> the hygroscopic nature of the aolven·t t dio:.o!:ar..-s ~ 

rr.o:.: a sj.gn1f1canca WELB a·t;tached to the ma.x1mwn values obta1ne,c1" 

'l:.h.cse "\>Jere further 11 t:orr3cted" to even hig-her Vf.!luee (2300., ~tOC 1 

1700 a.nd 4-500 respectively) as traces of moisture wer·a pr19Bt~m::.o. t..) 



TABLE XXVII 

;erevioua Nole,cular \'le1ght Determ1ne:~.1ons of Black ·.-ia'ctle Tannins 

Method of 
I . 

'nMolecula:r 
Author 1% Tans %Non-tans Method Solvent PUr1f1cat1on i-i e1ght11 

;iitlll 

r 

. . 
1 I . r 

Do~1~.A & 
Humpnreye(llS) 

I 

2907 6o3 I Unpur1f1ed 70o3• I Cryoscopic WE~.ter 
I 

n II 70,3 
I 

29.7 Cl II 4-32 
ti Electrod1e.lya1s 95,4 4-.6 II II 1570 . I 

18 II 95)1- 4-.6 It II 1704-

Corbett Unpur1f1ed 71 29 " Camphor Goo 
(14-6) I 
Rich 
(173.) 

Unpur:tfied 71 29 ~~ Water 525-548 . 

" Acetone-soluble - ..,. II II 48~515 
tannins 

IJ Electrod1e.lye1a .., - tO 10 176o 
It II - "" Ebulliometric Acetone llj$5 

I • IAc~tone-eoluble - - [J ,, i.J.f55 

i l ! 
tannin a 

'!, I .. C C jJ4 ·= ;:; i !( +· h WIC4a¢;Cid WI J4 W .. ) U ,+WIM C: '0 m~ l ... - ~~ 
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be preeentQ . The corrected results were then 1n line with the 

pre71ouely=determ1ned relatively 11 high" molecular weight of 176 o 
for the tannin 1tse11'Q 

Williams 057) obtained the values 450$ 1~33~ and 470 for 

the ethyl acetate fre eh·, bark extrncted acetylf'.ted tannind He 

uae•i acetone ae eolvents- and the usual ebullioacopic method. 

From ~11 the afore-mentioned worlc. it is evident that the 

p:::•oporti(>n of the extrnct separe.ted by electrodialyais 1s certainly 

of high molecular vTe1ght (± 1700L It 1s obvious that ~Gh1.a 

molecule.r weight of the tannina {95% purity), 1.io \lhich moat aignifi-~ 
. 

cance has been atte.cted in the paet.!l 1e by no means an aV13!'age 

VRl'Ue for the tennine, as the crude extract of 70~~ tannin cont:mt 

h~s a much lower (average 550) molecular size. A neg at 1·11e valut:: 

for the 30% non=tP-.nn1ns 1n the extrt=~.ct v.rould be reflected if bath 

theae values were correct. It is also obvious thHt the 'lr1g1n 

and ti'eatment of the tnnnine have to be taken into account b:af1H'€' 

the significance of rr:olecula.r weight determinPt1ons are compA:r·~o., 

These facts hP..ve not been recognised ln the past., 

In the preEent investigation use was made of e derlvutj.ve 

o-:..'"' the tannin FJ.nd e. non= polar sol vent p to overcome the e.fore-

msn"t .toned. difficultle e regarding the associ~:ttion between ·che sole· 

v-:mt;s and the polyphenol1c tannins. The cryoacop1c roethocl. Ha·3 

used with benzene as a solvent. The latter is superior to 'th•.3 

h;rgroacopic dioxane t.eed by Rich and stephen ( 371) e and thei~l." 

c ~\·yoacopic constAnts are of the eame order· (benzene 1.:: 5,0; 



The tannin 3 were obtained from the comrna:r•cial ext1·ac t 

by t.he lead~aa.lt npt.trif1oat1on1G method,. which included a met;h~mol 

ext:rac1;:lon to eepare. te the gums., The 11 purified" p:r•oduct wets 

II'ethylated with C.ime·~hyl sulphate and methanolic KOH in the usual 

"'·a.~"' 1 and finally au'bjected to chromato~raphy on an alumina c:olumn 

to z-emo~re inc'Jmpletely substituted rna.teri.al. 1'he method WE~e 

r~'l,;nnd.a.rdised a.ge.lnet cU:lu.te eolutiona of crystalline gE!.mbler 

ca'r.e ~hin tet; ra.metbyl ~ther. At higher- concantratlona the CE~t£: chtn 

derivs.ti~e tend.ed to eeparate from the benzene. 

FOllllCl ~ --
Ool76o grm:;. catech1ntetra.methylether 1n 25,94 grDiEl, 

readings) D 

Treoretlc~l for C15E1o02(0CH3)4 ~ 346 

The methyl:1.ted tnru<1ns ·b·ere clr1 ed fer 2 hour a ut 11Cl°C. 

0 .. 5262 grmso of methylat~~d tann1no ln 2'7',7'2 grne. 

'1 Au.-a.larn benz.ene ga.\"3 s.n ave: .. ago depreReion of Oo072°C,. ' e1x 

ch-x·o·natogrnphy of th3 product by Kirby e met.hocl on :::~n alu.rn1r·u.. 

~.ncl OHLlphor ae Bolve1t, 
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Oo OlSS grzns. methylat;ed tannin a 1n 0~ 1981 grmso camphc·r­

gav~ a d2preesion of 3.5o0c. 
~·/hence 1-iolecule.t' ·~ieight 2;; 1084 

0,0932 grme,. methylated tannins in 0.9269 grmf.l~ CE.U'l;.Jhot• 

i.'Jhence Nol?.cular lt"Je1ght :;; 1059 

Both these se.mplea of methyl~:·ted tannins uere su.bee~ 

quently 2-ent to the National Chem:lca.l Laboratories of the C s, Iu R~ 

for lnvegt1gat 1on by :tn 1ndepenc1ent method~ A Ment"J.ee-Wrie:ht 

ebu:Lliom~~ter .~ preuumably as designed by Kltaon et Al ( 372) CillO. 

l::ttHr motilf1ed by Ray ( 373), ar1d ·benzene a.s solvent w~rrc aelet.1ted. 

1'he meth;·rlA.ted tannins we:;:oe dried for 3 houre at 110°03 Readings 

on iihe dJ.fferential v;\.pour preeau::-e thermometer rtel'e macte w1 th s. 

oa thetoot;t er. The a-,)para.tus wae eta.ndard1sed agalnat benzil, 

D~ J..Go grma. benz1l ga.~re a readlng of 13., 7 rom. li'rom thts the 

conat;ant -vme ca.lculat ;)d. 

A. Methylated· •rann1ne {lead-eal·t purified) 

~~· .Lgrm~.·) 

,4466 

.291 

o249 
(.a<1dittonal) 

~lr ..,P I"''tB 8 ttr.!t 

6.,6 rom. 

1~ .. 6 mm. 

·so g mm. 
(additional) 

Avfrrage 1-ioleculnr r4e1ght :.a llT} 

1223 

1170 

llfSO 



Bo Methylated Tannins (Acetone extracted) 

Wt o ~grms&.) 

Oo2)66 

Oo2586 
( add1 tional: 

Vapour Pressure 

Average Molecular iieight .. 1133 

11o1'L wt . 

1123 

1140 

Methylated tannins and a non~po1ar solvent such as 

benzene are thus more suitable for the molecular wei~ht determin e.= 

t .ton of the tannins, and fairly consistent reeul t a are obte.ined 

,.,i th different method so The Menz1es-i'lr1ght methods ehol'ln by 

Ray (373) to be eU1ta.ble for measurements up to a molecul e.r 

weight of 5000) seems to be the moat suitable technique. 

The acetyle..ted tannins \-lhi.Oh are also soluble 1n hot 

benzene , may be used as additional confirmation of the aver age 

molecular weighto ~. compf.'.rieon of results obtained by methylat-
-· 

1ng portions of the same sample with diazomethane and d imethyl 

sulphate 1e desirable before embarking on further work~ Th e 

diazomethane methylation is gentle and its action shoul d auto-­

ma tically separate traces of carbohydrates (which do not me thy la.t e 

with this reagent and therefore remain soluble in water ) , f r om 

t he methylated polypheno11c tannins. 

It ie thus obvious that care must be exer cised in the 

p r eparation of tann~n samples for molecular ~Ieight et ud1es o The 

influence of the treatment and method of isolation of t he tannins 

befor e forming a der1ve.t 1ve , ae well ae the method of f orme.tion 

of the derivatives, have et111 to be determined and compared~ 
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The above rr.olecular weight a are roughly half of tho ae 

obtained by stephen snd Rich on the methylated a.nd acetylated 

del""lvatlveeil and well belol'l those of the electrodialised tannin 

samples examined by rouelaa and Humphreys and Rich. rrhe bulk. 

of the tannins, therefore, falls into a renge where many conven= 

tional methods are still ~ppllcableo 

Summary 

(1) A critical exam1nDt1on of previous work has shown that 

undue aign1f1cance 1-1as attached to the high molecule.r weights 

( cao 1700) of e. certain fraction of the extract obtained by 

electrodie.lyeiBo 

(2) As h1gh=moleculnr we1ght gums are now known to be 

present, it 1s possible that the pl ev1ously 11pur1fied11 tann1ne 

were: j.n f8.Ct, still contaminated by gums~ due to method Of1~·pur1~ 

f1cation 11 employedD 

(3) Three methode of estime.tion using the methylated 

derivatives and non~polar solvents have shown that the average 

moleculs.r weight of the methylated ta.nn1ns is of the order of 

1150 nndJ therefore) thnt of the tannins 1s of the order of 950. 

( 4-) The method of treP.tment of ·the tAnnins as lvell as the 

method of form~t1on of the derivatives m~y have an P.ppre~iable 

effect on the result o~tained. Thia aspect requires 1nveat1gtl.t1on. 

(5) Methyle.t1one 'l.·i1th d1azometh£~.ne probably rep1'esent the 



moet useful techniqU·3 of obtaining derivatives without affecting 

the nature of the tannins, Comparison of ~he molecular weigbte 

of the various deriV11tivee of' the tannins is recommended" 

( 6 j The recent'ly-1mproved Menzi~e~•,/r1g.ht ebull1ometr1c 

method possibly r ep:r138enta the most uaeful and accurate technique 

fer· the range requir•3d by the der1va.t1ves of black wattle tannins 



=343= 

CHAPTER X 

All tannin~ materials contain varyi ne proport1one of 

sugars8 uronic acids and sometimes small phenolic bodies which 

are generally claesit ied as 11 non=tannins11 • Fel'T compounds have 

been i dentified from this heterogeneous group and t her efore lit tle 

i s known of their function 1n the veBetable tanning process ~ 

':lh1te (126 ), for exantple, he.e claimed the ·1dentif1cat i on of gl ucose . 

arabinose and xylose as carbohydr~te non-tp~n1n constituent s of 

quebracho extrect. The nF.tture of the non- tannin s associ ated wlth 

other condensed tannt ne is still unknown . 

Phillips (:~74-) and Te.rboton ( 375) obtained reactions 

characteristic of p~ntoses, hexoses and uronic acids from black 

wattle non-tannins. Tarboton was able to form glucoeazone and 

obtained increased quantities of reducing sugars from the acid 

hydrolyses of this fi1aCtion., He concluded that the ce.rbohydrntes 

consist mainly of glucose and sucrose and th~t there was also 

some evidence of the presence of maltoseo He established that 

the proportion of pentoses p:t'eeent as determined by Phi llips 

was low, due to the reaction of the tannins l-J1th the furf ural 

f ormed during eet1mnt1on. 

The non~tannins examined 1n this investigation were 

obtained from the pri.mo.ry frAc.ti (l'lation schemes 1n Chapter I V. 

(a) The Gums 

A relativel y large propor t ion of t r ue gums 1.3 present 



1n commercial black i:a ttle extract. They are best separated 

from the tannins and sugars by the addition of a large excess of 

ethanol, accompanied by vigorous et1rring» to a 10% solution of 

the extracto The gLun precipitates as a swollen gelatinous mass 

·from which the mothez· liquor 1e removed with d1fficul ty) fir at by 

centrifugation, and uubsequently by auction in a Buchner funnel ? 

The tannins are completely removed only by repeating the above 

precipitation ~ or 5 times, and their separation depends on the 

efficient removal of the mother liquor from the swollen materta.l 

on each occae1ono lArge preparat1ons 8 therefore, require addi-

tione.l precip1 ta tiono. 1\.s gums nre k.no\m to undergo autohy-

drolys1s on heating 1n aqueous medium (376)(377) the repeated 
J 

prec1p1tat1 on a andre.--eolut1ona of the gums were carried out in the 

cold during the "pur1fying11 procesen 

Mainly for this reaeon8 the above method 1e preferred 

to the Soxhlet extrac·tion method ot the alternative eeparP-.tion 

scheme~ wh1c.h is otherwise more efficient n.nd lees ls.borioua c 

After a s1x~hour extraction of the solid extrP..ct ( 10 grma 1n 
• 

5 ,.. 20 mesh particlet~) with 95.% ethanol, a greyish residue re­

mains '\'lhich occupies the eame shape as the original extract ch1pe . 

The ree1due conet1tut.es about 6.9% of the commercial extract and 

thue represents abou1: So6}1 of the total eolida presento This 

method removes the sugars a~d tennine completel~ ~nd the residue 

obtained, remained stationary on one- n.nd two-dimensional chroma= 

togre.ms (Fig o LIX) where water formed the minor proportion of the 

developing mixture . The gums cor•respond ~.pparent ly to Kirby~ a 



Ttm=D1me.1e1on.~1 Chromatogram of Blaok lia.ttle nw•& from 
the Commercial E.:.: tract .. 

et Al., 11 compous-nt•• N, 

The gums w;~I·e 'lydroliaed quantitatively ~ :Jae step..t·t ;t 

( 3T!>) and thtj neutr ?.1 p z-oduct in~.,ostigflted. by pa,p~;, ... ohromB.t ce-rqph y 

{dc•t rnws.rd m1gj:-ation) us1~\s wn'tfll'~ee.tur·atei n-'butanol a.:~ deve l op1n!, 

mi;:t ure ., Ref erence compounds "HEll'E'l used and th·e :PRp:Jr lr·riga.ted 

con ~.lnv.ouel:'i i;o e.coentuate d1ffer9ncee in RF value \ 3speciaJ l ;y t " 



d1fferent1nte between galactose and glucose which gi ve e1milo.r 

colour=renctione and have RF vnlues in close agreement) . Nap tho·~ 

reeorc1nol- phoephoric acid (378), aniline hydrogen phthalate (379) 

and ~ -naphthylam1ne (3gO) ~raying reagents war e used to l ocate 

and identify the sugDxs. (F1g. LX). Galnctose, arabinose nnd 

Q) 
Q) Q,) .... 
en a> CllQ) ~ 
0 0 ~a co <0 Q) 
~ a <0 0 en CIJ 
0 ·.-I co e~ ~ 

0 8 CIS .;l 0 § ..... 0$ 

~ ~" ~ 

~ ~ :X::~ .t: 8 ~ ~ 
..... ..... 

-lb-- )(coo-*- -"'A - ~- ~- -)(--

Chromatogram of the Neutral Hydrolysle Pr oducts of t he 
Black ;·Jattle Gums . 

( Spr ays i t1 i th Nnptnoreeorc:lnol~Phosphoric Ac1·:-. ~ ~ 



rhamnose residues we::-e, therefore£ produced from the gtbns on acid 

hydrolya1 A. 

Hydrolysis of the gums ( 10 grma,) with 2 t~ sttlphurit) !h~1d 

( see Stephen) for ai:'t hours gave evidence of the presence of a 

wa.tet•-soluble but me~;hanol-1nsoluble barium salt 9 probabl y of' a. 

uronic acid residue~ ~he ident1r1cation of thla acid ae well aa . . 
the eetlmat1on of th1~ proportions of sugars present by chromato= 

graphy ( 3g1 ), have yet to be compl.eted, 

The equ~va;.ent weight o1' the gwns was found to be of' the 

order of 4coo, compared with 18So found by stephen . steph9n 

obtR.lned l=arab1noae (6), l-rhamnoee (lL d-galactoee (5L and 

d=glucuronic acid (l), in the approximate molar ratios indicated, 

from the acid hydrolysis of blaok wattle gum, This gum exudes 

from the bark usually in the form of a clear transparent mass on 

injury~ or ae a result of a pathological condition known aa 

11 gummo aie11 • The nwnber-average molecular weight of the gums wee 

of the order of 92 1 0CO, but autobydrolys1s occurs slowly and eome 

fragmentR of molecular weight below 301 000 are formed as a reault. 

The gume in the extract have been subjected to a pro= 

longed heat trea.~ment, e.nd a.l though it is surmised that their 

average molecular weight is below the above, they nre still very 

large molecular particles of remarkable swelling po~rer which retain 

tanninn w~th ovidity due to occlusive and adsorptive effects , and 

which may seriously retard the tanning process. In concentrated 

aqueous solution they form a. mucilage and their presence probably 

contributes largely to the water-ret~ining properties of the ex= 



Due to the :.nsolnbility of the g 1.liile in a:Lcohols
1
, they 

rama1n at the point c,f o.pplicat ion on pBpHr chroma t ogt•ama of the 

w"lole extract wh:tch !~re developBd with aleohol~vrate:r· ml.xturos , an~L 

in 1J~1e\r of their e.dec rptive pmv-el~c 0 their preeencn cc~uld res~1l t 1n 

the incorrect tnterp1·etatlon o:r ct11'omatograms of the tannin f'1•ac= 

tlon~ 

(h) The sugars 

The euga:zoeJ aepara ted ;:'rom the t;anninB by the lead~ Bi'~.l t 

method 1. still contair.ed small 'Grncee of polypheno~ic mP.ter.te.l , 

These were removed b~· shaking ~i~Cth hide=powder. 

and the ·i'.Tashinge froni the hide~~powder Here concentre.ted under 

reduced pree~ure ~md taken to eomplete dryneeA. The sugars '-<!·ere 

extrP..cted from the e~:cess lead nee tate with boiling Iilethanol " 

The product obtR.J.n-ed vraa weakly l~educ1ng (Fehling ' a r~olutlon) ! e.n:: 

wao examined by ch~romatography ., Exactly the snmE~ chromatog'l''<!hic 

methods used for the invr sti~ation of the hydrolyBie~,productB 1.)f 

the guns "trere appliec .. 

One=dimene~onv.l chromu'Gogra.ma of the sugar fractlon 

we:re 1~un 1n wate:r-sa1 urated n=butanol tlsing referEmce compound3 a1..l 

napthoreaoroinol=phOEiphorlc ac~Ld spraying reagent ,. The lntt"J:r 

reagent was supc:t"ior to all oth_e:l."e for th~. s purpoBe s end doe a ·:lot 

affect the p~p0r , I'.rolonged ~ll'rigation e: lf) = 24 hotu•s) gave 

excellnnt eeparat1on~ . of eucroee ,> glucooe and fruetoee f:rom the 

carboh:rdrate fractlor : of 'tbe cc>mrnero1al e:{trac·t (Fig " LXI) o fhe 

same f:::oe.ction from the frr!sh~bar)t contained only BUCn:'oee (Fig ., r....x:n: } s 
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'tT.hioh wae further identified by hydrolls1ng 5 ml., of the sucrose 

solution 1n a sealed tube w1th·4 mla 5 N H2SO~ for 6 hoL~s (water-

bath) n The hydrolysis products were neutralised with barium 

ce.rbonate and the fLlnl traces of acid removed by passing the 

hydrolysate through :t column of"Dee.cidite B11 , an anion exchane;e 

:roee1n. The wnter w~s removed under reduced pressure and the 

concentrate examined by chrom~tography (Fig. LXIII). Only e; luc.o eo 

and fructose were pr3sent. 

Fig., LXI ,. 

- ~--~---X--~-- .X-- -

Chromatogram of the carbohydrate Fraction of Commex'cls.l 
Black \'lattle Extract 

(Nu.pthoresorc1nol-Phoephor1c J\.c1d Spray) 
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Figo l.XII ~ Chroma.togrS-~11 of the Carbohydrate Frac tion from Fre-eh 
Black Wattle Barke 

(Napthoresorc1nol-Phoephor1c· Ac1d Spray) 

With the napthoreaorc1nol=phoephor1c reagent the 

pr esence of sucrose, glucose and fructose could be established on 

one~d1mens1ona1 chromatograms of the commercial extract without 

the prior separ~tion of the tannins . The exact proportions of 

sucrose, glucose and fructose 1n the natural extract still remain 

to be established . The indications are, however , that this carbo~ 

hydrate non-tan fraction constitutes about 10 = 13% of the commer· .. 

c1al extract 0 
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F1g. LXIII . Chromatogram of the Hydrolysis Products of the sucrose 
from Fresh Bla6k Wattle Barks · 

(Napthoreeorc1nol-Phosphor1c Acid Spray) 

D1scuse1on 

The nature of the non-tannins is of some importance to 

the tanning 1nduetryo Due to lack of efficient eeparatory methode 

hitherto , the effect of the smlU-1 molecular carbohydrates on the 

tanning process ie as yet unknowno The lead-salt method is 

capable of achieving auch separation on a pllot~plant scale ~ and 

the author i e method has recently been used by Kuntzel and Zleeel 
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(193) for the separation of commercial oak=bark extract into 

varioue constituents in order to assess the effect of the presence 

of the non=tannine on the tnnning process and the resultant 

leather. 

Large-molecular particles, such as .gums, are sem1~col1oldal 

in nature and tend to block the pores of fnst filtering paper 

even 1n relatively dllute · solutlono The blocking of the inter-

molecular spaces in the collagen structure through which the 

tannins diffuse during -~he tanning process~ is thus easily envisaged,, 

As black wattle extracts are used primarily for heavy eole=leather 

manufRcture, during which procese the slow penetration of the 

tannins from liquors of high concentration occurs, the retardation­

effect of the gum on the penetration rate requires investigation . 

Stephen ((149) p. 59) reported a slight increase in 

acetyl content and a large increase in molecular weight 1n succes= 

s1ve fractions of ~cetylated ~cetone-eoluble tannlnep which were 

obto.1ned by leaching the. same black wattle barks for seven~da;r 

periods at 7°C~, 35°0~, 55°0., and + 75°C. The increased 

molecular weight of the hot extract (3200) cowpared with the oold 

leach (1760) might be due partly to condenea.t1ona or ox1dat1one 

which occur at elevated temperatures~ Aa differences 1n quality 

may be observed between skins tanned with cold- and hot=leached 

wattle barks (Woodhead ()62)), thie work requires critical 

repetition using weak b1sulph1te solutions (see Chapter XI) uhioh 

minimise oxidation effects. The influence of the extraction ... 

temperature on thf! solubility of the gums and eugare also requirea 

study. 
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The presence of the gum in the extract also appears 

responsible for certain special eolubili ty-phenomena.. on dilution 

of the cold concentrated commercial extracts (prepared at h1gh 

temperatures), the solut1ona Rre knovTn to assume o. colloidal 

appearance at intermed;nte concentrations. The colloidal euapen-· 

sian usually redissolves on further dilution . In the concentre.tad 

aqueous extracteD due to their close association, the lees soluble 

gume ere probably held in solution by the tt:t.nn1na t.hrough inter­

molecular forces such ae hydrogen bondage. On dilution all 

these constituents are predominantly hydrogen-bonded on to the 

solvent and true solubility effectl""~ come into operation. The 

more soluble tannins may displace a proportion of the lees soluble 

gume8 resulting 1n the afore-mentioned phenomenon. At high 

dilution this displacement effect would obviously disappear . 

summary 

( 1) Black wattle non-tans cone 1st of gums D.nd sugars 

predominantly. 

{2) The gums are lnrge molecular units of remarkable 

swelling power which g1vo on hydrolysis galactose, arabinose~ 

rhamnose and a uronic acid residue . They thus appear identical 

w1ththena~ural exudate of the bark produced on injury or ea a 

J.'esult of p9.tholoe1cal conditione. 

( 3) The sugars in the commercial extract are suci"o se, 

3lucose and fruotoee. 
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(1+) The cnrbohydrs.te fraction ot"' the fresh=be.rk. extract 

contains sucrose onl~- o Glucos~~ and fructose thus appear to be 

formed during the dr~ring or the extract1on~proceas, 

( ')) 'l'he commel•cial sie;nificance end effects of tl'leae non-

tannins on the tannir~ procesB are dlec~ssed. 
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CHAPTl!-:R X! 

THE EXTfu\CT OF THE BARK OF ACACIA DECURR~~S WILLD " _..,_ 

(Green Wattle Extract) 

Of the four species of acacie. dealt with in thia 

investigation~ the green wattle tree is most closely allied to 

the black wattle A anj until recently they were regarded as 

The green 

wattle hae been known in South ~frica from the earliest days of 

the industry it but only 1n 1929 were trial plantations and la.ter 

planting on a commercial ecale attemptedo Bark sAmples werG 

sent to the Imperial Institute, l.Dndon, and it ·t-rae reported tha·t 
' 

11 lea.ther tanned ·u1th green wattle barks are not quite eo close~ 

grained ae those produced ltlth black wattle samples, and were of 

a dec.ldedly pinker tint'' ( 3g6)o It wae chiefly this el1ghtl;r 

darker colour of the green wattle tanned leather which decided . 
against 1ta continuea. use, e.a the tanner and footwear manufac-~ 

turer would favour the lighter coloured black wattle tanned 

l eather 1f both were freely available~ 

Farmers who had already started planting on a large 

scale found no ready market ae a result, nnd only the war years 

with their almost doubled demand for wattle extract, brought 

temporary reliefo During this period, extra.ct manufacturers 

agreed to accept greJn wattle bark, and as the proportion wae 

very low compared with black wattle, the colOUl' of the extract 



''~as not unduly 1mpal red. Although the high demand f or we.ttle 

continued (see P o 1: Chapter I) due to the diminish 1r..g rtaeervee 

and supplies of other vegetable tanning mp_terials .. the plantatioll.a 

of green wattle were gradually replaced by bl ack \..rattle ae they 

r eached mn.turi ty ,. 

In spite of this colour hnndicap the Green WBttle tree 

has m~ny superior c.tnracteristics, when compared lv:l.th black. vla.ttle 

under identical conditionso Chief of these is its reeiatance to 

insect attack., The most damaging of the pests i a t he \'ia'ttle 

ba.gworm, Aae.nthopsyche junodi Heyl. , a lepidopterous ine;c\; which 

causes intense defoliation of the black wattle t r ee . Thie results 

in retarded and stunted growth; in increased weed and grass growth 

amongst the trees; and increased difficulty in str ippi ng the treea 

from the bark., '..J1111ams ( 3) reports that green HG.ttle treee 

str,md out prominently and suffer only alip;htly in mixed plA.ntationa 

which are heavily infested~ ftlthough the gr~en wattle t~ee is 

not free from insect attRok, it recovers far more rapi dly from 

such n.ttack and seld')m suffers serious defoliation. Th1B 

apparent resistance 1s probably due to its vigor ous growtht 

especially under adverse conditione. 

other adva.nta3ea of the green vrattle tree .11a.y be 

summarised as follo\-ts : 

(a) The bark has a tannin content equal to that of black 

wattle barko 

(b) Green wattle trees continue to strip freely in the tll"y 

season when black wattle trees refuse to do so (3)o 
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{o) The green wattle tree grows faster than black wattles 

on poor sites, and 

(d) produces 11 greater volwne of timber under comparable 

oond1 tiona. 

(e) The t1mbe:r from green wattles ie etrn1ghter than the.t 

from black wattleso 

(f) Green wattles recover more rapidly than black wattles 

after hail damage, tnsect damage or drought., 

(g) The aeede ripen more rapidly Pnd have a higher percentage 

germination than black wattle seeds. 

(h) Green wattles produce the same gross weight of barkv 

but this may be higher than that from black wattle undeT adverse 

cond1:::1onao 

Dleadvsnts.gee other than colour includes only the 

slightly lower etrer.gth of the wood ( 6 L 

Because of the nwnerous advantageous character:tetica 

listed above~ aa well as the inherent rednee~ of the bark. extract., 

hybr1d1sat1on studies of black and green wattles were at~ted by 

Ph111p and Sherry (387) and are continued today at the ·.~s.ttle 

R~search Institute. P1etermar1tzburg. 

In an attempt to assist such genetic work, green wattle 

extracts have been etud1ed to 

(a) determine the meohan1em of colour development Rnd 1ta 

poeR1ble cont~ol, and 

show up all differences between black. n.nd gr•een 1>1attle 

extracts~ 



(e) Examination of the Barks 

The fresh bark etripeffrom black and green wattle treaa 

of the same age 9 were placed in milk cans and covered with paraffin 

as soon as possible after stripping to exclude oxygen. Under 

these conditions they retained their fresh appearance for almoat 

a months and could ce transported without change 1n cond.ttion. 

Barke from trees of equal nge growing in close proximity on 

s1milal, ao1le wer e selected9 and rece1 ved a.fter being transported 

f rom Natal under the above conditionso 

Although Williams (3) reported close agreement in thE 

thickness of black Hnd green wattle barks from 3 ~· 9 yes.r=old 

trees, the samples submitted showed a distinct d1fferencec Fr~ eh 

black wattle bark with an average thickness of 8 mmQ was always 

nearly tw1ce as thick as green wattle bark of the came age and 

cut at a a1m1lnr height from the ground r -rom corresponding treee. 

\V1l11ame poee1 bly referred to the dried bark. 

In the fresh state, the green wattle bark already eho~1e 

a pink tinge as opposed to tbe pale yellow colour of black wattlo 

barko Both barks darkened fairly rapidly on expo sure to air b 

especially 1n the moist condition.. Maximum darkening takes 

place on the soft inner aide (cambium). ·.-rhen cold aqueo us 1n~ 

fusions of the fresh bark chips of both barks are mada~ the green 

wattle solut1on is in1tlally a.lready darker. This 1e almost 

certainly due to the deeper colour of the tannin a present j.n the 

bark~ 
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(b) 

Bt?.rk. B!l!11pJ.s; from troce 6 year s of age; were :n:t.r-acted 

w1 th col d v1.ater ::md the concent:t•at ion v1C r ke·:l up to 70 = 13o0 Bk. 

tra.ted Lmder radi.lu€C p:~e s su:re nnd the re s ul tan'?.i extrac t analysed 

recalculated to a dzy basis x 

% Tannins 

~ Non= t annins 

"' 
solids 

A hot lear.h 

the analysis 0 
0 

% Tannins 

% Non='tan.nins 

-
Nl 

""' 

fi'Olli 

~0., 19 

the barks of :to :res."i.~ ol d t r eea gC~.ve 

7Jol4, 74. 91 

26o86t 25 o09 

77 ogO ~ 79)~2 

~2 '"'o ··o t=;_<'~ ... ~ ;:: ~ t::\ '~0 

A cold mcthe.nol extra.ct,.on from 7 yea:r old t r.:;e:: con= 

ta1ned on a dry bae1e ~ 

Green vJattle Black ~Ja.1;tle 
~-:uu:us 

~-~-!'~:"-~~ 

% Tannins ~ 81.14 tSCJuC) 
""' 

% Non-·tannins ~ 18oS6 17 c=o 
~ .... 3 ""-' 

.-• 'fo Solids Eil OcOO ? 4 f..u \) 



The above figures shot! that the tannin/non-tannin ratios 

are very much the same when identical extraction procedures are 

applied to barks of the same age" The non=tannine of both 

extracts are colourless 1n solution~ darken slightly on the water~ 

bath. and yield light brown solids of identical appearance . It 

1a obvious tha.t . the green wattle non-tannins 2.re not responsible 

for the additionBl redness of green wattle extracta. 

( o) go lour Control of the Extracts 

(i) Introduction 

Commercial black wattle extracts are normally chocolate= 

brown in colour, although the bark 1 t self is almost colourless. 

It 1e also known that black wattle extracts and mimoea-ts~ned 

leather darken when exposed to air and light over long perioda ~ 

Rice (3gg)~ Cheeire (3g9), Merry (390) and Jany (391) have all 

shown that this darkenin~ of tannin liquors is due only to oxida= 

tion by atmospheric oxygen. Cheeire demonstrated that heat 

itself is not detrimental to the tannins, but in the presence of 

oxygen
1
· elevated temperatures caused the acceleration of the 

ox1dat1on-react1on. The absence of moisture or the addition of 

emall amounts of reducing agents were found to arrest further 

darkening of the commercial extractc Later (392) ha showed t hat 

t.he colour of the fresh-bark ex~ract , which is very light ., may be 

controlled to P. major extent by pH adjuAtmento The effect of pH 

on the colour development of polyhydroxy compounds has been k n ot.Yn 

s i nce 1921 {393)~ Jany (391) and chiefly Merry (394) (395) (396J 



showed that tannin eclutione absorbed oxygen 6 and that the amounts 

a.l1eorbed increase with increase of pH and produce correspondingly 

deeper-coloured extrl:.Ct e. Minimum colour values were observed 

in bark extracts acidified by varioue acids to pH ~ 3~ 

As the green wattle extracts are chemically almost 

identical (see later l-JOI•k)w1th black uattle extracts, but appear 
• to redden more easily on account of atmospheric oxidation, the 

pr·oblem of the use of the former resolves i teelf into one of 

oxidation control. Green and black wattle tannins were, therefore, 

first studied from this angleo 

(11~ The Effect of Various Compounds on the Oxidation of Green 
and Black \ia.ttle Tannins 

Unless leaching of the fresh bark and subsequent 

tannP.Be 1s to be carried out in non-corrosive metal containere_0 

the pr~eence of acids in the extract is not desirable. Small 

amounts of se.lte formed on corrosion would combine with tannins 

to yield dark=coloured oomplexeen A non-corrosive compo~~d was 

thus sought~ which in low concentr~tion would inhibit colour= 

development of the fresh barkt but would not interfere with aub~ 

sequent tanning., \'/illio.me attempted to use alum for this purpoae 

{ 7) and sim1le.r trial A have been made by Merry ( 394) • 

The follo\>ring claeAes of compoWlds Here tried out in ·­

this investigation ~ 

(a) Complex-~ormincr compounds, eog4 boric acid; phosphoric 

acid, etc. 



{b) Compounds which hydrogen-bond strongly$ e.g . methe.nol
8 

acetone, dioxane eto. 

(c) Hee.k orgrutic acids eJg .. oxal.1C 8 salicylicv gall~t c etc . 

and (d) Reducing N:?;ente, eog., eodlum sulphite; bieulphlt e,. 

nitrite. 

30 grm., lots of fresh green we.ttle bark were place:J. 1n 

contact Wktb 200 ml, of 3 = 5% solutions of the above eubstancea 

in water~ as well all with water only as control. The: com.poundo 

below e.re arranged j,n order of the colour developed in the 

infusions in which 1 hey t-rere present., 

1. Colourles{~ Sodium bisulphiteh mete.blau~ph1.te 8 and 

sulphur dioxide,. 

2., Almost Cc:~) .. our1£_!_B (in order of darkening) Sal1cyl1c 

acid., galllc ac1d8 c xalic acid, sodiwn silicofluor1dE:8 boric aci¢.~, 

benzoic acid., 

3., .!:!~ht ::{el;_J~..§.olution,a Phtha.l3.c acid 11 d1ontne ~ fo:rw1c 

acidp phosphoric acld. 

~ght YelJow=Amber Aqueous ether, glycerol . 

5. ~:U:,C?,.W=J\2!!£ \'/a ter, urea» guaiacol, pheno18 aca·cone, 

resorcinol, bu~cyl a.J.coholt o=cresol. 

6" B,e.dc;,Amber. Sodiwn Acetate, sulphite, th1ostll3Jhate~ purEl 

acetone .. 

1. Dee12. AIDbez. Pure dioxane 0 sodium per-borate 8 eo·.iium 

nitrate., 

The pH effect is again evident ae all the e.cidic aolut1oil:J 

al'O light in colour .. All solutions darkened more with ·tlme l but 



only the sodium b1sulph1te and sulphur dioxide containing onen 

remained colourlesso ~lthough the latter are also acidic there 

is an additional effE!Ct correctly explB.ined by Chesire {Jel9). 

'l'hese fresh be.rk extrncts \vere protected from discolora.= 

tion by the presence of a reducing agentp sulphur dioxlde. 

sulphur dioxide he.s lor.Jor redox potential (=0.,200 volts at 25° 

(397)) than the te.nnl.ns ( + Oo200 volts at pH 7 at 1S0
), and le 

prefer~ntia.lly oxid1eed in nn aqueous mixture of the twoo The 

continued presence of the reducing agent .1e thus eeAentia.l to 

pl~event darkening of the tannino Immediately it ie removed or 

completely ox1dised, the tannin solution will commence darkening. 

The amount of reducing agent n3ceesary will depend on the F.ttnount 

of oxygen dissolved in the water originally, and the amount wb.1.ch 

will dissolve with time from the atmosphereo Thus a solution 

which is shaken will. require more protective agent .than a 

stationary one» and con~entrated tannin solutions a higher per­

centage than dilute one~ to ensure additional protection in ~~e 

surface layers of the strong solutiono 

(iii) gffedt of pH on the Na.ture.l Ox1da.t:ton of Black 
and Green ~/at tle Extracts 

Mention he.s already been made concerning the effect of 

pH on colour developmento Chee1re (392) ox1d1aed tannin solutions 

dj t d t 1 tl 1 b h t1 ..t:t 3 h t 9-7°, . a us e o vary ng ph va ues, y ea ng ~or ours a 

and then measured the colour developedo From the curve obtained 

.. he concluded the.t pH ~ 3 t-Taa the optimum value for eta.bil1 ty 0 

For pH adjus·tment he used acetlo 8 formic and oxalic acids and :ln 



eo doing possibly also introduced effects other than tbat of pH. 

Thi s is born e out by h te curve w1 th aceti c a.cidp '\·Thich vn.rlea in 

slope and 11eA ~rell ) e lov7 thP..t of formic nnd oxal i c ., :Cn this 

i nvestigation, only the sodium acetate- hydrochl oric acta. buffer, 

whi ch doe8 not af fect the redox potent i a l of the t annirlB (273) 

was usedo O.x1dat1.o:l was allowed to occur nat urally in n.1r ~ the 

solutions .handled ac<)ording to a standard procedures and tho 

colours measured aft·3r 34 and 96 hours with a Lov1 bond tintometer 

using a cell of l em , internal thiokness o From Figs " LXIV and 

LXV the points of ma:dmum stability at room temperatQ~e appear to 

l ie 1n the region pH ~ 2.25 for black wattle tannins and pH ~ 2w45 

f or green wattle tannins. The ~1alue for bl ack wa t tle 1a th·u.e 

about 0., 75 pH un11;e ··)elow tha.t found by Chesire for t he texmlns 

when kept at 97°C., 

At higher pH values than those for maxi mum s"cab111 ty t 

colour darkening occurs due to oxidation» \>Thile at lmver v-alues 

darkening 1a due to phlobaphene forme.tion wh!ch might also ba an 

oxidative rea ctiono The ne.tural pH for bl ack wattle (, 50° Bk,) 

is 4- . 6 (39g) and tha'; for green wattle Hbout 5 o.O (cold ext:.:•action}., 

Both these values 11'3 above those of ma.ximwn etabili ty p e.r.d. the 

oxi dation of both these natural tannins may thus b e inhibited by 

ac1d1fica.t1on to the correct pH valueo The e.pplica t l.on of this 

to the tanning indue1;ry has already been sugseet ed by Chee~.re. 

From the above it may be concluded that green an6. ~olack 

wattle tannins have 1;endencies towa.rde phlobaphene f ormation ., 

maximum stabil1 ty, and increase of oxidation ,.;1 th i nc1•ea.se or pH ~ 
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o·ver the same pH ranees . Colour· formntion, hol'lever, develope 

more rapidly in green thRn 1n black wattle tannins over t he enti re 

range studied. 

(1v) ConcEmtrations of Reducing Agents Required 

It was four!d that with cold lenchine very low concentra~ 

tions of bieulphite t-re:re euff1cien~ to give desired pr otection t o 

both bls.ck and green wattle t.!mnins o 30 grme . of f resh black 

and green wattle bark chips were cut to uniform th1cknea s~ and 

placed in contact tvi th 150 ml. water and 150 ml . o. 1~ sodium . . 
. . 

bisulph1 te., Commercial bisulphite contnining 54.,1~ Na2s2o5 \ve.s 
. 

used in all experiments . The colour, which developed 1n bi= 

sulphite- protected a~d in unprotected solutions, was measured with 

e. Lovibond t1ntometer· as before and compared (Fig,., LXVI) (l The 

concentration of these solutions after about 125 hours was 6o7% 

total extract. 

It is well known that when already darkened extr ac ts 

are a.utoclaved uith compnratively large quantities of bisulphite~ 

light leathers are produced in subsequent tannage . Very low 

concent re.t1ons of the bisulphite. however, ~·rhen addec1 to· the i nitial 

leach merely to protect the tannin againet atmospheric oxi da.tlon 0 

will prevent darkening. Once such darken1n3 has occurred , add1-

tiona of small quantities of bieulph1te will not reduce the col our. 

The oxi dntlon 1e apparently permanent and not r ever s ible. Figo 

LXVI i llust rates the rapidity with which oxidat ion of the un~ 

protected solution occurs, and shows that vThen protected against 



Fig" LXVI. The AtmoEpheric Oxidation of Black and Green ~-Jattle Tan::-1. 
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oxidation there ie ·rery 11 ttle difference in the colour developed 

1n the ble.ck nnd gr·~en wattle extracts. 

The above protected extracta were evaporated to dryness 

under reduced presa,lre, with heating on a uaterbath. The 

extre.cte were elmos;; identical in appea.rance a.nd far liG.b:ter 

th~n the commercial extrnot marketed. standard solutions of 

each were made up aud their colour determined {lv.icCe.ndliah (174))" 

Colour Unite 

Red Yellow BlU'! 

Green \-lattle Col 0. 5 0,0 

Black \'lattle o.l 0.3 OuO 

Commercial Black ';Tattle 1.,7 3·3 o .. o 

Although oxtraction and concentration were effected 

here under ideal conditione, it 1s apparent that during commercial 

stripping, drying and transport» a large amount of darkening 

takes place . 

Leaching ·vrae also carried out uith sulphur dioxide 

solutions (30 grms. bark to 150 mla solution) of varying concen= 

tration over longer periods. 

All solutions were finally of 9 or 10 Eko concentration, 

The water alone dev~loped mould=growth after two weeks . sulphux· 

dioxide would be qu1.te effective for cold leaching!) but on accotnt 

of ita volatility wc,uld paea off on heatingo 



i I 
Concentration of ~l02 Colour T1mo (Days) 

in Solution Unite l 1 2S 

I 
Oo45% Red 0.,0 OcO o .. o 

Yellow 0,1 0.,2 0.4-

0.225% Red o.o 0. 1 0.,4 
Yellow 0.2 0,3 0.7 

0.1125% Red o.o Ool 0.1 
Yellow 0.2 o.4 1.7 

O"C225,% Red Oal 0~7 2.3 
Yellow o.4 1.5 5.0 

Oo0225% Red 0.,4 3.0 6.2 
Yellow 0.9 5o3 240 0 

Water Red 4.,0 g.o 30c0 
I 

6.o Yellow 19oO 30~0 

(v) The Effect of Heat on Colour Development 1n the Presence 
of Reducing Agents 

B1eulph1te (0.1%) extracts prepared as aboveh and 
-while still in contact W1th bark~ were placed on a water~bath 

at goo for 3 hours ~ 

Black. \</attle Green wattle 
:p .. .. ;: ;aa:::v........,, ... .. 

Red Yellow Red Yellow 
Units Unite Units Units 

Colour before heating o.4 0~9 o.4 L.O 
Colour after heating 0.5 1 .. 0 0 . 5 l o2 
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TWo 50 ml. samples of each of the e.bove eolut1ona were 

evaporp_tcd to drynesH on a 'ti::tterba.th in n porcelain basin. Or.e 

eqmple of ench Has tr.ken up ag~.1n in 50 ml. water and one of each 

in 50 ml. 0.1/t bieulphite solutions . The solutions takon up again 

in water darkened falrly rapidly, while those redissolYed in 0.1~ 

b1sulphite darkened only slowly. 

L. __ Black ~'iattle C~reen ~~ • .-~:~ 
Red Yellow Red ----;ello~ 

Unite Unite Units Un1 te 1 

1 Clr1g1na1 Solution 

l.rter Evaporation 
~d Re-eolu~1on 1n 
p.l% Bieulphite 

!sam~ Roln" af·ter 21!. hre. 

l rt 1! U 4$ II 

I 
I tt u n 12o '' 

Oo5 l.o 

1.2 lo5 

1.0 1.7 

lo2 1.9 

3·5 9.0 

I 
0.5 1.2 

1.3 206 

1.2 2.9 

1,4 3.3 
~-~ 6 12.0 

L - _,.......~~:""'t 

The above shows that even for drastic conditiona,euch 

as evaporation to dr3ness on a waterbath when exposed to the ai~, 

0~1% bieulphite solutions give good protection to a 7~ extract 
. 

solution. As would be expected, 1t 1.;ae found that the b1eulr:hi te 

loses its effectiveness through complete oxidation when taken to 

dryneas witp tannin, and on re-solution the protective agent must 

s.ga1n be added ln orcler to prevent oxide.tion of the tannins " 



(v1) M1:11mum B1eulph1te ReqUirements 

The min1mun qunnt1ties of bisulphlte necessar y t o 

protect the tannins ,.,ill depend in each case on the methoc~ of 

handling the extract .~ and on temperatureo For each procesa tha 

amount of oxygen die5olving ie a variable factorD and only tri a l 

and error experimental work will determine the minimum requirements 

necessary~ 

.QQ.!d Leach1QK 

Still lowej:- concentrations of bisulph1te were ueed in 

a countercurrent cold leach and the colour developed meaeu:red o.t 

dally 1ntervaleo 0~16% acetone-bieulphite eolutiona which has 

as much total so2 as a Ool% b1sulph1te eolution,waa also examined. 

The acetone= b1 eulphi i;e was formed as de ecr 1 bed by Che eire ( 389) 

who found 1t to give better protection at 92°Co, than b1eulph1te 

oJJlYo This he aecrtbed to the bigger amount of S02 ·~ available'' 

for ox1dat1on
1
1n the formero 

The solutions (125 mlo) were added to equal weight a of 

black wattle bark., ( 2)0 grmo ) and left for 24- hours before adrl.1 tion 

to the next batch of bark. The concentr~tions of tannin were 

checked dally and a ~1tandard technique of transference of the 

solutions adopted (Fig . LXVII)a The increases 1n concentration 

w1 th each step were :r·emarkably constant and never deviated by 

more than 2 units from the average Bk., units given. 

It ie apparent, under the conditions of the above exper1= 
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mente that G 

(a) even very lm.; concentrations of b1eulphite are effective 

1n preventing excesFive deepening of colour ~ when used for fresh 

bark extract1onso 

{b) the best rr1n1mum concentre.tione aro in the region of 

0"05.% to O.,lj: .. 

{c) for cold leaching, very low concentrations of protectant 

acetone=b1sulph1te ie lees effective than bisulphite only4 At 

such lo1t1 concentl"'e.tions probably little or no so2 1s lost to the 

atmosphere . As the acetone~bisulphite complex is more a·table~ 

and the protective action dependent on concentration of free so
2 

1n solution~ b1eulph1te only appears superiorG 

The eoluti-:>ns \'Tere taken to ggo Bk¢ by further add~.t1on 

of fresh bark8 and f1ne..lly concentrated under reduced preeeu:t'e. 

The resulting tannin \'rae very light pink in colour" 

fiot Leachin_g 

20 grma o or green wattle oh1ps 0 cut to uniform thickneaa1 

-were added to 100 ml. solutions of bisulphite and acetone~, 

bisulph1te of varying concentrations. These wcro heP-ted on tha 

same waterbatb (So - 90°C~) for 4 hours and the colour measured 

at intervals (F1go LXVIII). With low concentrations of tannins ~ 

and high temperatures, the acetone- b1eulph1te 1e apparently et:tll 

an 1nfer1or protecta:nto 



(vii} Cont!'ol of' Colour 1n Ba:rks 

'l'o obtain .3.. lighter leather from both green and bls .. ck 

wa. ttle extrao1; a, oxlda~G ion has to be min1mtaed during tho fi vo 

p.t'oceaeee 0 
~ 

( e.j Drying 

(b) Transport 

(c) Extraction 

(d) Concentration 

end (e) Tannage 

From the col our formulae of etcmde.rd solutions of f:r•eeh 

bark extracts wade in the laboratory» and that offered for sale 

commercially (page 369), it is obvious that in the aforementioned 

pronesses a large amount of' oxidation occurs. ~~ruch of this 

'takes place in the bark before it reaches the extract ms.nufac= 

turer 0 and could be preventedo Lightness of colou:::' ie one of 

the des1X>able qual1tles in grading of bark {4., 7), 

The presen1; practice {4) is to ley the freshly stripped 

bark0 outer aide up 0 at an angle with the ground 9 ln the plant a .... 

t1on for pa.:r•tial drylngo This takes about threo dayss and 

during this period rt~.inD m1etD and direct sunl ight ; causa ser:tous 

diacolouration particularly on the unprotected inner surfaces (7), 

Rain and mould growtl-.t might remove much of the desirable non=tans" 

Sherry recommends trnneport of the bark~ directly after str1pp1ngo 

I to large shedst wher(-: it should be stacked loosely and allowed a 

good air supply to ensure rapid drylnga 



tre tannins are quite stableD and heating at 120° for 2 hours 

has 11 ttle effect on the colour of dry te.nnin ext:re.ct . Bece.uee 

of the initial dampness of the bark a fair a.motmt of d1ecoloura~ 

t1on 1e unavoidable.[> even tmder ideal conditions .. 

It tva a found independently by ~datson ( 399) snd also 

1n these laboratories thnt the fresh bark~ retained its original 

li.r;ht colou:r• ivhen ke.fJ"t in an atmosphere of lOO.% relnti ve humidity 

and lov? sulphur dioxide contento On subsequent :removal and u1r~ 

dryin:~ this bark. euff'ered no immedtate d:lscolouration. Ae vrue 

the case ·(·lith the solutions n once the colour had developed& no 

1mp't'ovement could be effected by subsequent treatment with sulphur 

dioxide ga.a~ The ant ion here is not on•: of reduct! ve bler'.ching 9 

nor of preferential :>xidation of a :reducing agc;nt ae in tannin 

solutions, D.s a permJ.nently beneficial e:rfect 1-;a.s 1ntroducedo 

1'/ateon {39'1> aecr1be0. the cs..uee of moat of the dP:rk.cnlng 

in "the bark. to enzlrmJ.t1c activity. The enzymes amylase and 

peroxidase are known to occur in other acacias (4oo). sulpht~ 

dioxide destroys the3e enzymes ru1d so arrests the initial rapid 

oxidation caused by ·~homo subsequent darkening of the ba~k~ 1f 

dry» ls slow e.nd cau3ed by a.tmoepheT1c oxygene Further confirm&.=· 

tjon of the presence of enzymes was also obtained. He ehm·1ec. 

that carbon monoxide ~ cyanic acid gas and heat all eliminated 

peroxidase activity. sulphur dloxide, besides beinr; much leoe 

tox1c
0 

was far more affective than these, and had no dst~imental 

effect on the tannina in the bark. By cuttin~ small uniform 

sec·tions through the bark with the aid of a microtomeJ end 
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n·ea.':uring the volUMe ~i' o::ygen ~ j_ bi:ratsd f:r'"'ffi ::acb., when th~ 

bark le 5.nlffiureed in hyc1.ro~en pE;roxld;.., ~fntH~m determlr-e•J. t.hA 

location. of peroxidam· ac ~iv1 ty < ( I'1g., l.XJ:X). 

'rhe dar}L ning ~. s pn.rotl.culnrl:'t' notJ ·~eablt. 

rt.:vippinr; ., 

rJsnonsible for the o_,.,_rllen~.ag pr-:>dncadJ 

t ion by sulphur dioxh\.e c 

Othe1' f1ndl.:J.go 'b'J Hataon -::tra :, 

( n. , Tilat a.dd.l.tlnn of tannin tc ba:rj~ has no -~ffect "n . 
enzymatic activity, 

(b) That exoo av: :-e to 'llr for a 4o bou1· pe:.. .. 1od do eo not 

!.-tf'f'ect Gnz.y!ll~ a.ct~ vit;r , 

pare.ff1n 8 the enzyr.e nctivi~Y of blr.ck e ... 1d t<;r{;en 1-rsttJ e :.-aJ.";h d!i'-' 

m1n1ehea :Go a Lout 1.j6 :-h and l/l5th ( :reepacr~i vely) o"f -~~lJ.~r c" .~ gJ.11cJ 

valuo O\el JO daysc 
. 

~c) Thnt wlth 6.:1Cl'3ri'3tng pH the .;nzym.? act1·~·ity Cl.'l.:r'lil.r.t.hG 3 

D.nd 16 very lo-u in ot ~-on::;.Ly aoidic eolutionc. 

(d) That_ flma.ll "ffiOUi'1te of copper -very sllchtly ~.n'Y~·~asl' 

tha colour catalyt~.cully, alt hough the infusion is protect>Jd by 

HUlphvx d1ox~d0u 

l'i:?rr~r ~ 390) ~ 394) a l s o demons\;rated tl1:3 C!!:tt~.l~ 't; .i..c a:ff '3Ct 
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of small amounts of rtetals on 1;he oxidation of oheetx~ut extracts,. 

such extracts contaiiling tl"acee of ferr·ou.e 3.ron, abscrbed r:toT'·a 

thn.n tr11ce the volllilH of ·:>xygen required to oxjdiz.~~ the ferrous 

lron present to the 1 er:r•1::: Ate.tn in 17., 5 h;)urs. Dvt-1" 5 day '3 ~ 

the ..:.bao:rption l'ate 1· as t· . .,~ .. oe that of e. cont:;:ool t;oJ.ut:ion. 

han a similar effect , 

e.ccelei'ate tne ox:l.da.t 1oP ::•Rte of unp:rotecteCl. ·;:,lack :'l.;;."~.;tle tanr.!n 

solu:tions, 

caterJ.hol 'by electron~tl"ansfer "s.rlthin ·che comp:Lex, 

cnt~echol acts as r.~ r>Educt:Lon meC:.itun ~Dy lootng elci!~.rone t.o the 

ferric ion~ Although many hydroxy compovno.e are able to forr:>.. 

complexes, .1.t is only th<HJ€ in "''h1ch the fi;{.atam 

fh ~. 0 ... OH 
-~ II 

R•> = C - OH 
'· 

1 f\ pl"asent ~ ( e" g c cl~hy'dro::cy maleic acid~ E..Boorb1 c nc111J end 5.ts 

a.n.e.loguee and other or·tho,·di.hY'J.roxy compound.e) 0 that electron 

transfer oe.n te.J\.e pln~s vrlthin the complex (403). E 'Lc·i.L) s.n;sa ~ , .. 

obtained airailA.;,., rennlts Fith cetec.bol 1n the p:~aeancs •Jf copper 

ano.. iron, As ·~he c:rtho~·c·.ihydro:A"Y at1•ucture 1a present in bll.~Ck. 

and Green \'f!:lttl~ tannlns.EJuu.h anto=ox1cl.at1on is poBe1.ble. 

(e) . J:'l; Wa3 furtJ.er found by :Jataon (l!·05) 3.nd C0:1fl.rmeo. in 

theeB labo:ca.tor:•.oa~ ~l.i 1.e.t ~·=phenylene=d1am1ne in the p.raaence of 



pJ.n.ced 1n aon t£'.Ct ui:;h f:r· e~h bar-lt. Th1A c.oee not o;.;cur or;ct:. 

1:Phe D.bove Cive 3 ifld1cat1:m of 

pe::'ox1de ,. The;y n.re said t.o be 1ron~porphy::.> 1n prci:;e.~·.r.s (407} {l+o&) 

02 + pol:-lp.jenol ox~. inao + pol·rp.heno:l;..,----
,..,~ ---
~ ~ \ill!~~"~~ 

hydrogen pel"0::1da -t- peroxidase + polyphnnol~ 

Elliott (409) eho•·red thn.1; peroxldasee ru1d hydro13er~. pero.x:lde 

r;xid1se pc:~yphenole. 

( v i.i.';,.) CompLr1aon of Enzyme Ac·t1.v1 ty of BJ.ack and. 
Green 'dattle EarA".B 

'Fatson, in the above experimentnl workb used the volUJ:H~ 

of :>xyeen collected from the re.1ct1on of the enzyme 1n a un:i. t 

vJei[~ht of barJr~ vli th .Li.ydrojjen perox5..de 1 a A an ir.d1C.c.t ton c:f enzy1 1a 

· eoncentrntione Thl 'lnA the d i sadvantage that even fron c1ll~tte 

h;vc1rogen pero:r.ida aoJ. · ·ctonA, once the enzyme ie in trod t'.cod ~ 

evolut.ton of C•xYeen t .keEl place at slo\-tly d.im1r.ishin:-; r·n. ';eFJ oym· 

ve1·y long periods. ~he instant at wnich the volume ie J'eacl .i.e 

thue entirely v.rb1 trr-.:·y 0 

A fF..r more e :1t1sf.n.otory met:1od is thAt of :suler and 

SoHepheon (410) ~ modif : ed by Sunmler (411) 1 fo-x· catalase ['CtlY~.t;)· 

.;hen reaction occurs bE. ~·aen ca.tfl.lase and pel"O) .. :.de , the f.nzym:;, L3 

g:r.adt,la.lly c.eetroyvd t;nd the velocity conata.,.'lt cf 'tt,e monc·mole!!u.Juz 



reaction dim1n1aheeo By plotting the K value e.gainet time and 

extrapolating, the ~ 0 value may be obta1nedQ 

t~uer indication of initial enzyme activity. 

This \'1111 give a 

A narrow tubeD 10 ems o long, f'rom a broken burette ":laa 

sealed at the top, and oopper gauze was moved up ~ of the length 

of the tube so as to remain in posltiono A rubber stopper 

fitted w1 th P.. short length of capillary tube Q and a rubber tube$ 

connected the ·burette tube to '-~ s 1mple 't'la.ter manomete:"'. 

Graduated 
Tube 

Peroxide 
Solution 

Gauze 
Bark 

Capillary 

n 
~- -- -· Water 

~-- ---- Manometer 

- - - - - Rubber Tube 

The burett~~ tube was inverted and filled to the gauz~ 

with a definite volwle of hydrogen peroxide of known strength. 

Bar~ flakes of Liown we1ght, and cut to uniform thickness with ~ 

microtome, were placod above the gauze, out of contact of the 

peroxide. 'The wate;• manometer wae clamped vertically 1 we.ter added 

and allowed to r·un through the rubber tube until all air ~Ta.e oJ .. e= 



placed .. :tmmodi&.tel;t this took place t l<e cork Hae ~oin 3c, to th~ 

:l.nverted bur-ette tub3 1, the lo.tter rlgnt~c. ana ahP..ken to t'ore~ al l 

bub-olea to the tcp 1 dUd ~;he amoe.nt of air ;Qntrappgd :TLeaan·t•ed by 

levelling Y1th the manometer tube . 

p~. r-:oe e f1•o1~ flo a tlng to the suri ac~ .. 

. Evolution of o.xygen wae rapid 1n1 tially, but alol-lod do'm 

anc oont ~.lu::.d e.lrnost tndefin1:tely 0 Th~ volume e't"olve6 a~J 

measured a'r. 3 minute intervale and the volume read to O, ('1 )T J , 

ao accu:r-ntely as possible. The burette tube was well shaken 

before a reading waa takeno 

T.he volume :>f saa evolved, was CD.lculat<~d to N/ 1' ., :?. 

a.nd the total con eel!!; t•at1on of hydrogen peroxide in solu.t 1o 

determined by titr~t :. :m \·titb. perman.ganat:;. 

calculated from the o~uation 

log a -- ~<1 
c::~--·-·· 

The K valUt) ~ w a:r.·a 

whers a :;; total volume of oxygen whiob c.a•·l bs evolved f rom 1;ha 

rea.ct1ng pe:roxlc1e solution, and x1 and x 2 t.he vol~ea of gnf< at 

NDToP. evolved at the times t1 and t2• 

Initial et:r.~nr_rr'ih of h ~,rC..rog-en peroxide ':3olut,.on ~ 33. 'J3 ~ro:ta . 

Vol :..une peroxide aolu~).on t~se.d .-. 17 ~ oc mJ. 

\'It ~ blaol~ ws:ttle bo.rH u.aei -w 0~ 394 grm. 

i-Jt o grezll WD.ttle ba:r~~ U800. ~ 0 o 397 grill. 

The bark u ·~ed 't.Ya e obtained from 10 yeal'"··Oli'l. t ·c"0es 
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In all meaHurements the green wattl~ samples showed 

higher enzymatic actjv1ty than black wattle, and from the K0 

vnluee on Fig. LXX, f'reen wattle barks 8ppa.rently have at least 

double the perox1das( Pctlvity of black wattle barks in the 10 .. 

year=old samples. ~he low K values obtained at the first period 

( 3 in1nutes} are probe bly due to the eolub111 ty of oxrgen in the 

peroxide eolu't1on_. 

D1ecuse1on 

Al tbough p€roxida.eee are, therefore c undoub·t&dly 

present in blaclt and ~een we.ttle barks, and occur in highs!' 

concentra t1on in the la. tter the.n 1n the former» the~e 1 e no pi·oof 

that this class of enzymes 1e responsible for rapid oxidRtlon= 

:r-eactions 1n the bark after stripping. The fermentntive processes 

of tea leaves, for example, consis t essentially of the enzymatic 

07..1datlon of ·~..he polyphenols present in the leaves" The enzymes 

responsible for such ::>xidntion were at firet cone1de~ed to b~ 

pero:.ddaees {361 ) ale:> p;reeent in the leaves, but later ";'lork has 

shown that no correlation exist e betvreen peroxidase concentre.t ion 

and polYPhenol oxidntton (350). · The presence of oxidaaee were 

thus postulo.ted. It \'las ahovm that the cytochr·ome system WctB 

absent nnd that the redox potent1~1 of the phenols was in Rny case 

too .high for ·them to ·Je oxid1sed by cytochrome oxida.ses. Afl a 

result of l::~.ter ~.rork little doubt remnins tha.t polyphenoJ. oxidasea 

of the copper-protein type are responsible for enzymatic oxidation , 



Work alon[·; similar linea on blaclt a.nd green wattle 

barke appes.re to be o.esira.ble if not essential, to t.hie problem 

of the more l''apid dc..rkening of green ttrattle extrn.cts. 

( ix) I':c·act1ca.l Precautions for Bark 

From the E.~oove data 1t ie evident thp,t the g:reen Ha.ttle 

tannins in the baric P.re initially slightly more highly coloured; 

th.nt the bark has a higher peroxidase a.ctivtty than black '-'lattle 

bark~ and that a. peimanently beneficial effect w·as introduced by 

treating the fresh t.ark with so2 gas or bisulphi·te solut1onu~ 

lt appeurs that green wattle barks could be used commercially 

pr·ovided the enzymntic activity is controlled, and precautions 

taken against further excessive oxidation. 

Th1a could be exercised practically, by stacking the b~k 

1n a cloaed ehed, and passing sulphur dioxide gas into the shed 

from a. cylinder. The doors should be kept shut for a sho~t 

period iJ and the shed then aired to Rllot-1 drying of the ba.rko 

The volL~e of the gas and the time required for the above operation 

will only be found by trial nnd error methodso 

(x) Precautions During Transportation 

Once the bark 1e well dried nnd kept d~y, the tannin 

1s fairly stable and Will not darken over short perioda , Bark 

allowed to dampen during transport 1e knol-m to 11 eweat11 ae the 

result of bacterial activity, and darken excessively. It is bast 

that extraction takes place a.e soon as possi-ble after he.rvest1ng 8 



although this is not always possible. 

(xi) Precauticna during Extrnct1on and Concentration 
Processes 

Cold or hct leaching processes as carried out 1n 

tanneries lend themEelves admi:r·ably to colour control by the 

addition or small nrnounts of bieulphiteo 

give adequate protection. 

(b) gommerclal E:~action Processes 

Extraction o.nd concentration occure in closed systems 

and oxic1ntion is likely to occur mainly through oxy,gen dist.oJ.-ved 

1n the water used for extrpctionQ Tho proportion of oxy~en in 

relntion to the total oxidieable tann1ne must be very low. 

Numsrous experiments conducted by Balfe and Phillips 

showed thnt heavily b1sulph1 ted mimosa and quebracho extl'acta 

eeriov..sly COl''T'Ode 1r~nt COp_?el' e brass and phosphor bronze ~.n the 

cold (413) o Dilute b1sulphite solutions ('tofeak suspender liquors} 

haci e1m1la.r effects but to ~ much lesser degree ( 1~13). IJ.'h1s 

corrosion was accent t:tated in the presence of oxygen (11·13). 

Nickel~chrome steels however, were completely resistant (at low 

temperatures) to h1g .. '1ly bieulphited mimosa solutions, causlng no 

die~olourat1on and r 9main1ng ~mche.nged in ap;_Jearance ( 41 2 )( 4·13L 

As both th!l extractors and evapora.tors are coppet·-11n9o.D 

some slight corroeio:.r. 1e 111,ely to occur i.f b1 eulph1 te=solv.tl.ona 



( :l~il) Pr~ce.utione DV.J.•ing Tannagca 

The no11d .;xtracte pr~pa1•1Jd from 0., 1;: bJ.sulp.h.i te l0ache.; 
. 

1"1 the laboratory wo:::·o 11r;ht; in colour-, and ahotvcd no ~olom:' ohaP(~ :~ 

when atcred in bottlss ln indire-ct light OVt.i!' lon::; ner'todeo In 

th~· abf'enoe of mc;,1Gtt.l:'e, tho solid extrac·t, t.her·efo:;. e» r·emulnw quite 

Hhen the so1.1d e::.tracte a.re r~d .... ssolved for tanner~ u..: . , 

0_, 1/~ b1aulph1 t e so lu.t lone shouJ.d ci ve seffi~"~.ient pl oteoi;:l on. f.V-3.'1 

where these e.:re heate:l for the rapid solution of the ex";:;ract 

By 1.he; pa.r·tia1 o:r· con~lete app11cation of these precatrtioneD li~h'to­

coloured green wnttlo extracts could be used for tanni.1'~ purnose9, 

The g1 adual dnrkcnln~ of lea.tf:Jr tcna.3c1 by c.xi.iechc 1 o::-

cor1J.1Jnaee tann:\.nc le ·vell l~nown., Bo"th ~;:roen and black ~.rat t~ c 

tanncn lec.'l .. her br.-have strnilat'ly a.no. thl3 forme:r,ev"ln ~f r. •. :ot.;r.1 :7d 

a:;ainst c·:idation by Healc bieulphi te aolutloi.lB ,davelops a d ?-::p~···· 

-::-fJ0.<1i sl1 colour than the lntt.::r tlh"3n e~oaed to dlrect. Oj:' 1a ~ .. r·~-~'; 

acocl·:-ro.ted darkcnln;·; of green. Hattle extracts 13 8 any .. .-~~ un!':u('~11~. 

~L.mosa e~'r.ractA a!"'e IDE:.tnly used for aole·-leP.tho:r 

·i;r. .. nnrge 
II I' 

c.nd euC'h leathers are 1nv~_:t•ie.bly bottom fin1ehcd · on th::. 

n...,wple'Ged e.hoe, 

~regetable~·tanned lee.therau Frovlded thu.e that the lec1.th~r .\. 3 nc.• 



unduly dark9 and ae green ~attle extract differs only slightly 

in 1 te tanning quall'tiea from black wa.t 'Gle extracts , there appeare 

to be little disadvt~ntage in the use of green wattle tanned leather. 

It; is essential that the existing prejudice against the slightly 

reddlah leathers be removed, as the green \'Tattle tree has many 

excellent qual1 ties ivhich I'ecow.mend 1 ts large- scale afforestat1on o 

~d) !h..U.O!!!ES.rf!.~.i~ Ast.p1_n~ency of Green and Black ·,/attle _tannin~ 

Pa.ge ( lgo) has shown that the composition of gelatin­

wattle tannin preci}:itates are not greatly affected by changes 

in temperature" eal t concentration, 1ni tial tannin concent1•a.t:ton 8 

the nature of the g€lo.tin or the pH value of the eolu.t1on as l ong 

aa this value ie below the 1aoelectric point of the gelatin ~ He 

found, furthermore} that the amount of tannin in the gelat1n-tannin 

precipitate decreased with decreasing astringency of the tannino 

'ilhen black wattle tannins 1-1ere salted ov.t. for example 1 the lee. at 

soluble and most highly-coloured astringent units combined with 

gelatin in high proportion,. while the moat -soluble colourl£186 

unite combi ned in lo~rer proportion, From hie da·ca it 'nEts clear 

the.t there ie a cloee connection between the molecular weight and 

the composition of the gelatin=tann1n precipitate .. F'Ol' eE>.se of 

compn.I"1son P~.ge calculated in each instpnce the ar:1ount of tennin 

combined wi·~h 100 par'ts of Belatin in the gelatin-tannin pre-

ci.pita.teo This figure ~1as termed the 1,gelatin number" of the 

tannin , The values obtained were, therefore, an index of the 

astringency and also the molecular weifpt of the fractions c 
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As 'black a 1d green-._wattle tannlns are cloaely reJ.e.ted~ 

a. compa.r13on of t11& 1strlniTency of e;a.ch tr.~p.e m::ulE1 on a :l'.mlber of 

samples obtained fro:n different sources .. The gelatin= tannj.n 

precipj.tatee l-Tere m~.de under strictly comp,"1re .. blc conditlon€1 ;.s 

du:JCri bEd by PB.Qe, an<l the n1 trogen in the dried ;;roduct: det.Frminco. 

by the Kjtlcluhl methc>dJusing co;per aulpba.te as:. ca:i:;a.lyst~ Th~ 

same gelat~~.n sam;lle 1as used for all the est1mattonn. i\11 the 

extractE were obtainc~d from ft'esh~bnrlc.s e.nd concent1ated u;ldf'r 

reduced pre ssu.re before analysis 

~=r-------· ~- ....... -.. -----~---·----~-~~~-~ ~~---~-=o-· 
I Ext:• act I ;: ~re •n ..:~~ :~~ No , i ;t :'"" c\:~: :~~ Nv , , 

~- ---~~ - -, 0 0-- r-: _,....,_,_ ____ D-->~~- --~-·--~-....-..----1 

i Aqueous (Cold) ' 7 c. 2'.1 1.:;; 5 14-6 .. 3 7.5~ I 1.22 

i Methanol (Cold) 7. 52 
l Sample I 1" t~5 
j 

~-!ethanol ( Coldj 
Sample II 

Methanol {Cold l 
Se.nrple III I 

I 
l 

Residual tannins : 

7~55 
7-,45 

7 .. 24 
?.24 

Bc.Ol 

137 .. 1 7,99 
7,.S7 

136~8 8oOS 
7_,g4 

).4-4.6 7 .. 58 
7 0 57 

ethyl nce"te.ta 7 .. 8f5 9.0:J 

'12't. 1 .• .I, 

1n eoln. nft8r j 

ppt1on from 3tr.-~B.noll 7 .9"j 8~91 ! 
. solution 
I ~~~~~~,.•·'--~-~~~_..,. __ .,..._.,...,.._~~=~u *'"'_.._..." .....,, .,..,,. __ _,::II<,_P_-<_.-". ~-=r~-4 

All the gr(:en wattle samples ere noJ.,e e.stt'1ngent. s.nd 

p obably of higher a-n~rage molecnlar He1r-;.;l-t than bl.ack W2ttls 

I 



to 14-%. 

~ oc·..l - 7. . . ~~ 75 c '~ ·,· :- ·t.QI ) 
J' •· • ;,.... - , I -_;0 I J ~ UC t ..-' ) • .tD 

~ 

1'.h.e equivalc1t. W3~r;htr. cr the mi:r.turea fr-om j~f1'~r·:mt 

Thsse w~r0 tdent1f1.~d t·:r thell• 

equi 11ale.1t we!~h ·.:; s ~-r d mixe<l mE lt1.ng.-~po1r t s wl th eut~1en.t1c qpec.l-

men a .. 

weight corroeponda tc fl m.b:tur~ of 37.3% \reratric and G2.7% o-
- . 

trimct~ylgallic acldr. r:.r.··en 'YJac·tle ':ar .. nine, theref.J:··e~ closc,Ly 

resemble black. w.:l_ttlt tP-nni!l.e tn M1el:r b6hev1our on ox~ da.1.ion, 

1n1;o ta!1 d.nE nnd nor:.~ 'r,a.r..Htn' by the le:1<1~ salt method .; ~3d foi' 



talned approximRtely tour a~kylated end ncetylated groupe per 

hYPothetical C15 ~m:· . .' l·li th values e.lightly below thoee obtained 

':Ti·~.n blacl~ 't'lattle twmins, The equ.l <~alent of t~ro cn:y~ena per 

cl5 LUll t I·emain uneu."Jst1 t ut ed and t.he. ae ffit"IY be ei thez· ethe:t· 

l:~.nka or carbonyl gi:·)upe. ~'.lkallns fugJ one of t.h.e 11 pUl ifiedY 

tannins producea., · ao in the cs.se ot' bl~; .,~;: "!!Iattl~ ta~1n1no, ~ ~ 

reaorcyl1c a.cid ,qnd ·:-eeo.r·cinol, Gall:tc <J.~\:\/' ·•.d p:~rrogallol.. 

pl'•otocatechu1c acid ?.B well a.e phlo:.:-or,lll.c ~to .!., F1•orn the hlgh 

. . 
p.t;edominat G.v f\ s1g"11ficantly le.:!'ger propoz·t!on of pt;tlo:roglucinoJ 

the..n VP..s obtaJ.ned fj,• )ffi black we.tt: ~.~ tannlns WilB aeps.rated fr·om 

the reeo1;c1nol 1n th~ meta~hyd:r .. o~cy frac·tion by fractionel 13Ub1ima, 

.tion., G:r-een wattle t.9.nnins .clr.>Aely x~esemble black wa·ttltl 

t~~nnlns both a. a regn: 'ds annlyaea und defrradatlon-produot c;, 

Ch ... omntography of thn non-tan f:z•act1on {methanol extr<'0t J 8h01:/eo 

the preeen(Je of sucr·ose only11 a.a was the case ln eimil~.r f:r·eah 

ble.ck wattle extractn~ 

fresh bark 1nd1ce.'J;ed the abAence of yellow fl .. .loJ:>eecf!nt compound.o 

('ltlhen viewed. unde: .. u:.tra~.violet light) at·ch al3 f1E'.e'i;1nr -·rbich 

cb..J.racter lne e.u thent3.c black "t-ra:ttle et?.mplea. 

ex~~::-·actA ar·~1 not Bu.q l"1s1n8' 1n ~rj_ew of the similo.r appea1•ance of 
' 

the t·t:·ees &m~ thv: .. :.:-· ::.t'ore~roentioned cloae relationship. 

i.nveatl(;at::.oiiB hr.ve f.hmro no d1fi'e! enceG ;·rhich cou.J.d s.ccot-n t ~o?· 

the addit t::,nal rap:tC' j .ty of darken1nr-; of green ~va. tt le e;,._t ~"r.l'.t 3 
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(f) Comparison of Tt-7o-Dimenslona.l Paper C~oma.'togr~l§_ 

More recent two-dimensionnl chromatographic comparisons 

have shown more differences between black and g~een wattle tannins 

and Rlso many similarities. The tuo~dimensiona.l chromatogram 

of the methanol=eolu·~le fresh-bark gr·een \'Tattle extrnct (Fig. LXXI) 

does not, for example, ellOl'J the cha.r~_cteristic pattern of five 

ar·eas of high concentration (Flg. XII" p. 172. A, B, C, D and E) 

eo typical of e1m1la.:r· blacl~ wattle extr8.C~Gs . Mnny of the com-

pounds present 1n s-r~;en we_ttleg however, as>pea.r to be present 1n 

blA.ck wattle extracts. On the chrom::ttogralll of green wattle tannins 

0 

A B 2 

r 
G 

F1gc LXXI " Tl-!Ou·D1mer s1onal Chroma togram of l~ethe.nol~extra.c't0d 
Green Wattle Tannins 



~Figa l·XXl), the verr prominent spot D c.orr-eepo1-;de .in position 

to constituent D on l>lack wattle chromatogrruns. Sim11arl~ spots 

A 8 B, and G aa well 1:.s the atron~ly reducinr; constituent F, 

occupy iden";;lcal poe!.~ions on both chrom~.~oGramA. The olack 

wattle con~;tituent C might aleo be present 1n green vattle tannins 

but 1e probably obsctred by much trai1100a 

G:reen watt~.e chromatograms show the presence of a 

denser trail ln the ~.o\v RF regionD e.nd it is possible th~.t a 

larger proportion of more highly ox1d:te.ed ol:' condenFJed tann:\. nc 

ia present here. 

Thi f3 chro1nr: tograrn was obtained from one sa.mp~e oX' 

authentic bar-k e.nd. its reproducibility requires confll·maT. j o.<'\ 

The differences betwe een ble.ck and green ~if! ttle chrom::top;:r·ame. 

if cha.ractsrietic., 'tvill be useful when compe.r1n~ the extra.cte of 

hybrid so Different degrees of enzymatic P.ctivi ty in tb~ t1;;o 

barks may be reapcnsl ble for some of the dlfferencee obE!errred 

( g) §...IJ!E.f!!!}-.:C'_Y, 

(1) .The green ·-vn.ttle tree has meny aC.vantages ov€r the 

black wattle~ chief· of these being i te resisi;pnce to b8.f.?.'HOi~m 
' . 

attack, a.ncl itA su.perior gl·orring quaJ.ities unuer adve:l'ee coH<'iltio;-

(2). The main dl·-;advantage o'f th€ tree 1s tbB unclesl t·fib.!..e 

deeper coi.our devslc;ed by 1'1"~:, bark Gxtracte. 

!.3) The !;e.ncinE in the freeh bark s.lrandy h:=tVe· a 1·.0.bt 
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{4) '1'he additionnl colour developed by green wattle extrR.cts 

w-rae shoun to be due to the oxidation of the tnnn1n uni1;s only., 

The green "'att le t<muinR develop n reddish co lorr>. t ~.on mo"'Y'e rapidly 

than black t·7t:~ttle tannins over P. 'Hide pH :rc-meeo 

(5} Green H'a.tt:.e barlcR exhibit much hi~her peroxidase 

e.c·t1.vl ty ~;hich might account for some of the addi t 1onB J. redness 

observed. 

( 6) Green ~¥attJ.e tannins arc more e.etrin~ent than b:..e.ck 

\•!a ttle 'cannine when c omp:1.red und.er identical condi tj.onEio The 

incl'eased aetringenc:r is considered ·to be related to a. higher 

molecular weight., 

(7) N1etzsk1~s rule states {415)(416) that increases 1n 

moleculr~r weight or complexity of org::mic molecules deepens t.he 

colouro It is thus possible that equivalent de~rees of oxidation 

\-Iould cause a more pronounced bathoohromic effect in the hj_gher-

molecular weight gre€n tiattle tannineo 

{g} Practical colour-control measures may be taken by 

(a) destroying the enzymes in the bark by sulphur 

dioxide treatment soon e.fter stripping; 

(b) rapidly transporting the bark under dry cor.-

di tiona;; 

and (c) extrA.cting the tannin from the ba.rk ln ~anne:r·1e2 

by ~hot or cold leach using Ool% eodium bieulph1te eolutionDo 
. 

such extrActions do not appear to be applicable to the commer·t~lal 

extrac't1on process, dne to possible corrosion of the copper-1.\.ne.d 



extractors and evapcratorso 

( 9) In tannin solutions containing a low concentra.tion o:f 

eo:3..1um biaulphite, the sulphur dioxide set free is preferentif.'.lly 

o::ddised by dissolvad e.nd d1ssolv1n;s oxy:?;en, as the redox poten­

tial of sulphur d1o:d.de 1s belm-r that of the tannins , Prc-bably 

little, if any) bisL~lphitc enters into ch~mlcal combin0.tlou with 

the tannin. Once tho colour hae developed in the tlJil.n1n £olu.~ 

tion, small amounts of reduc1n~ aeents .hl:rvc little or no effec·t.~~ 

and drastic reduction 1s necesF;ary to lighten the colcu.r. 

( 10) All leathers tanned "" 1th condensed tannins are knoHn 

to redden on e"--poeure to direct or 1nd1:rect sunlight. Green 

-vra.ttle tanned feathers ~ve:t-c found to darken more rapidly tban 

those tanned with bln.clt wattle (417). As wattle extracts a:;:oe 

used mainly for sole-leather tnnnRge, and the soles are 11 bottom 

:f1n1ehed11 on the com;>leted shoe, there appears to be little c11t3-

advantage, apP..r'ii fro n the slightly greater aetrinrsency r in the 

use of green wattle 9xtraotso 

( 11) Detailed a.lalytical and degradative e~Gudiea have sho-vra 

l1ttle difference between the tannins from black and green wattle 

barkeo sucrose conati tutea 't;he carbohydrate non~ tannin fraction 

of botho Poin·ts of difference which may be of use in genetic 

Rtudies are ~ 

(a) The green wattle extr~cts contain no associated 

yello-w fluo:r-eecent c:>mpounde rThich characterise the one-dimenetonal 
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chromatograms of au~hentic black wattle extracts, \>then viewed under 

ultra=violet light~ 

(b) The two-dimensional chromato~rams of green 

nnd blaclt wa. ttles s~1ou certain differences, but many similar, if 

not 1dent1cal1 pol:r?henole appear presen·"t; in both extracts. 

(c) The difference bet\veen the t'tvo extracts 

m1p;ht well be the p·:-esence of fi. lnrger propor·tion of n high 

moleculal" fraction in ereen wattle barks, 'tvhlc.h 1·esults from a 

greater concentrat1•)n of active enzymes in the living barl~o 



THB EXTrl..~CT QL_THE BARK OF ACACIA 

QEAIJ!,ATA LINK 

( 31lver· 'tlattlc Extract) 

The silver ·.r~attle tree, also kno1m as "blue wattls 1! 

locally on account of its bluieh=green fol1nge~ ie one of the 

many species R.nd vari 3tal formA of Acacia ueed 1n hybridiza.M.on 

studies at the wattle Research Institute (~lS). Pl&'1tat1one 

were originally established in Natal i.n addition to black wa·ttle 

as soon t:..e the poten't. 1.ali ties of the ae tree a as tannin producer a 

~rere real1eed 9 but o.fforeetation discontinued and thf; plant 

eradicated Hhen the b 1rk 11Tas fou.nd to be infer 1or. Advantageous 

characterlstics) euch .1e the rapid r1pen1ng of 1te seedso ita 

vigorous growth under poor conditione and lts reputed ree.!eta.noc 

to frost_, are more than outweighed by the low 'Gann1n content, ita 

lol-• yield of bark. per o.cre and t.he reddish colour of its extracts. 

Thus ~ yes.r~old silve:" 1Jrattle berk (iiill1ame (3)) avereg~d 16.9% 

ts.nn1n content compar·3d "t-Ilth 3~ .. 5~ of black wattle bark of t.he 

sam€! age, and infusions of the former averB.t-1ed Sa~ red unit& 

compared with 3o9 of ;he lattero 

In an effor·:; to a.seiet the genetic research of the 

~attle Reaearch rnetl·;ute, this short comprehensive exBmlnncion of 

eilve:r '.rattle tF.tnnln, n1med e.t show1ni3 up eign:l.t'icant dlff.:: encee 
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between 1 t a elf and b:l9.CJc wattle tar,nin.~~ ~1ae tmdertaltano 
I 

Fx•eehly=et:c-1pped silver 1:-lattle ba:L ... kJ kindly aup9l1ud by 

by 1-iro 8u .P" Shorry, ;;~,nd estimated. s.ppro:.:tmately e:~.x yeaJ.."'r. oHi .. 

O:.t:1de.t1on was min1m1aed by placing the stripe under pa.1'"3.ff1n 1n 

the usual '•lay o On arrival here the bark appeared much thirrru'!:(' 

than black "ilattle barks of corrr spon6.1ng ag\~ .r;reviouely sUp!)jJ.ed 

end eimila.r'ly preeerved . 'l'he 8T'een ch.J Ol"'Ophyll layer iv~s i'nr 

r.1ol"'G prominent~ F.nd on sect 1oning 1 t displayed the on.rue ptnk 

colour ae green Na.ttle bn.rkao Sections of fresh black wattle 

bP.rk by compariaon.~ oven when ox.1d1sed on the outo1d3 1 a:r·e otther 

light yallow or colourlesea 

Extraction 'f the tannin t-11 th organic solv~n ·to 6 e ~ S e 

. 
acetone and methanolJ Which appear to 1nh,.b1 t ox:1da""~1on 8 gave a 

li~ht pink tannin on evaporation under reduced preaeuro_ Aquaouo 

extraction, especially- n.t elevated ternperatln'ee.> produc~d a. pro= 

now1ced redneee in solution and in the solid finally 1solate1~ 

Accordins to H:l.lliamf3 (loco cit) thie redness 1e even more intense 

thRn tnnt produced by green wattle extracts. 

Lawrence and scott=l-1oncr1eff (419) opened up the fteJ.d 

cf chemieal genetics by their work on the petal colourn of Dr..hlia 

They found that five genetic fe.ctora influence peta~~ 



colour and used teste described by Robinson and Rob1neon (420} 

for identification of the various pigments, Bate-Smith (185) 

demonntre.ted the usefulness of chromatogrRphy for pi~ment ic.en= 

t1fication in this pr·:>blem, and 1 te a.p}')lication alon[;' eimilE'..r 

linea in the hybridis:ttion studies of ble.ck, silver, ere2n [•.r,d 

golden wattles iA considered most important. 

(a) One=Dimensional ~hromotography of the Froeh Extracte 

Solid aceto·1e-extracted tannin from the fresh barks of 

A, moll1ae1ma end A. rlealba ta was made up to 25;: eolut.tona in 

methanol. 3. 6 pl of each solution was spotted on to -dhatman' s 

No, 11 paper with a mlcro-pipetteo Small concentrated spots 

were built up by touching the paper With the pipette I' and allo\<ring 

the spot formed to dr;r in a current of nir before repeatlng the 

process. The paper Jhromatogram \'Tas developed , .. l1 th butanol= 

acetic acid~water {4 ~ 1 ~ 5 upper lo.yer) at 22°C. The aolvent~-

front \'tas allowed to advance 10 inches from tha starting-line 

during a 12-hour period and examined under ultra-violet light 

after a1r~dryingp (F'1go LXXI). 

Silver wattle tannin showed a single dull-violet atreak 

extending from the po:Lnt of appl1cation to near• the solven1; front~ 

Lut it l'Tae most prominent over the region RF ;;g 0.10 to o~Bo. 

Opposed to th1 ~ black vlattle extract exhibited t·rto clea!'ly yellow 

fluorescent spots at :iF ::: Oo4g = Oo 50 and RF ~ 0~ 72 (f1aet1n); 

a \·Teak blue fluorescent area at RF ""' Oo 90, and a dull vlolet 

strea.k RF = o. 00 = o)~7. The chl"Omatograma of these t\.·ro tannins 



FJ.g. LXXI~ Cbromato;~!'ams of Black and :Jilver ~-luttle :<"':~erh P:;.rl 
lnd8l' Ultra-Violet Light, 

r~r0 thus easily diet !.ngutsha.ble. 

'd j,th 2;: Fe1Jl3 spraying reugent the upper ::.:•egions .; .f l;hc­

n."'-l:>ve HtreaJ'>.s turned blueD t.he colour betnr; most con0 3nG:rp ·.;~j ;.r. 

( RF i! 0 r::o· Q 70} C )ffiD .. 'l'Sd •tit~ a Siffi~ 1 ., • .., g)•:3<>!.•=g··. '"'!V, c":._·l"e.!:~ I_' . - . . ,, ':) = c I - ._. • •· . J. ~., •. .!. - v ~ - " '"•1 - ~ . 



black wattle. This appsa.re to indicate a lnrger proportion of 

catechol groupe in sl~.ver wattle tannin. 

(b) One~Dimensional C:hroma.top;raj_:>hy of the Oxid1sed r.xtractH 

5 ml. of eaoh of the above methanol solutions of the 

acetone extracts ,;ere pipetted into basins and the solvent removed 

on a trlaterb~th. 50 nlo wa·ter l..ras added P..nd the tannin subjected 

to atmospheric oxidat:.on for• 10 hours at the temperature of the 

waterbath_, the ·.-rater beinG Z'eplenished f::'om time to time. The 

dry product c nm., probLbly more heavily oxidised than norr!llll 

coiiiP-lercial extract a, ·~··as f1nn.lly redia so 1 ved ln 5 ml., mt1tha.nol e.nd 

chromato~raphed a a be1 ore (FigD LXXII). 

The ta.IID,.n e trea.ks l'Tere easily visible in · ord1n~u-:r light 8 

extending to RF ~ Oo 7~ and being most concentrated in -~he rec:ion 

R-.7 ~ 0...,220 UnCle!' u11ra-v1o1et light the silver l~attle ext:raot 

had become Heakly flucrescent, whereas that of black remalneu 

tlUOh the sruneo In beth extract a dull brovm tannin atroal~s 

extended from the po1r.t of application to RF ::- Ou 22 while dull 

fluorescent spots "''ere discerni ble at RF' ~ Oo46. 

Th1a developnent of fllto:rescence on oxidation waB pr-e­

·v1ously obser·ved by Glueck ( 4-14) in green 1.Hat tle (ACacia decu:..·~·en£ 

Wi:ld) e::ctrecte, and 1t 1lluatrntee the close eimilm:•ity of the 

two cxtre.cts as evlder;ced also later from degra.dative stu<"~ ir-e . 

The d.i.fferer.cee betvrecn the ext;racts a!'e thu.s leaet 

evident ln .highly oxid ised rJ.Aterial and too much 1mportE~.nGe flhouJ e. 

not be attsched to the presence or absence of yellow weakly fluo-



:r·eecent spots in the lo'\-T RF tannin region on one~d1mensional 

~hromatograma. 

{c) one-D~.mens1cna.l Chromatography of the Etheree.l Extracts 

ln previous worlt 1 t was found that the ethereal extr3.cte 

of black wattle tannLle, when chromatographed, ahO\ied ·tt-ro b:r1ght;:ty 

f luoreac.:1ng spots aa 'iJ'ell as a third capable of a.eveloplng brill:l-a.nc 



blue fluore ecance in ;he presence of ammonia v-a.pou:&.· Hb..-:~1 v1c.1·:ed. 

under u. V. J.tsh1.i. I G Has thu.a consid~reC. likely thD.t the ta.nnine 

'nould s110H differe;-..ce '> mo:r•e clearly 1then their e'Gher cxt:c·r·-; t e 

Fresh ba:('k ;h.tps of eacl'l Acacia wc1'o plnced in ccE'tact 

loJi th 150 ml., of pure .11r-f:ree we.rm water and t~he flaska tightly 

cor keeL After stand :.ng 12 hourA1 both the above extre.cte ~ bln·=J1: 

Ha.ttle 16 Bl~: silver uo.ttle 10 8:{.)" were ether-e:rtracted 6 time;: 

i-ri th 100 ml., quanti ti,~s of pUi"ified ether. 

over sodlum sulphate, ;!wee aolut.l.ons t6oo ml.) ~re:c>e evaporattJd to 

drynegs,. le8.v1ng traCl!S of llr.;ht yellow oily matel~ial. :.), 5 m1. 

me the.nol t-ias o.d<1ed to e~ch c?nd the chromatoRrn.m prepared a.nd. 

developed se before (l '1g, LJC'..XIII L './here as the blo.c~~ Hat tle 

chrome.togram a.ho~1ed the t'·'o br1llie.nt yellm-1 fluorescent apot G 

undel' ultra ..... violet l1~;ht p:t•ev1ou.3ly described, 'Ghat of <3ilve:r· 

vla ttle shOi..reCl. no yelloir f luoreecencE: but only H b1·1~ht blue 

0,5J.. 'blue- . 

'tTb1te and louer portion ?.F :..~ OoZl Lrlr;ht blue) \4'ae ev:i.dGnt Jn 

an lntEmelfied blue f~ .uor~ s.:::ence, ~Th.tle Hi'ch black t-mttli.·1 i;h~ t1:·1.rCl. 

blue fluoreecer,t 3pot :9.E' E. ).,37 bec~1m~ (.r·Tident. .Cn1. tiall v ~he 

r.et~. apot c'teveloped in ~che ai.b.rer we:.ttle chromn.to-sra.m, o.7; {F 

~p:' ovloualy det:crlbe:l. as bl'1e---vrh:i.te ur.de::." lJ.,V. light). 

~.:: I 
c. t 
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Fig, LXXIII., Chro·ne.togrnme of Ether Extracts of Silver wd Blnck 
·,lattle 'l,e.nnine in Jrd1nary, and u. v. Light and sprayed .,.,ith FeCl-:; 
(2;t) , Cbromatogra·n run in bute.nol~P..cetic acid-Hater on Hhatme.n if! 

No.. 11 Paper. 

chromatogram shol'Te i a lon{Si tudlnal green etre~ extending from 

RF = 0 .. 42 to RF ._ J. 69. This was eae:i.ly distinguished from that 

of ble.ck wattle uhich g~ve very weak~ barely discernible~ {5reylah 

spots , 



All these c.1fferences are moat cha.racter1et1c e.nd more 

att·~ king than in. the case of original extracts., 

(d) '1'Wo-D1mensiona.l Chromatography of the Polyphenols in Silver 
i1attle Extract 

The cold methanol extract of fresh- bark chlpa waa 

examined two-d1mene1cnally on paper chromatograms under the cond1~ 

tlona de ecrl bed for 1:•lacls:. wattle te.nnlneo After spraying tti th 

ammonlacal silver n1trute the pattern of reduclng spots abtalned. 

(Fig., LXXIV) closely resembled that of green \-tattle extract, but 

A B 
r 

G 

l.g. LXXIV. Two=D1mene1onal Chromatogram of Silver \'iattle Fre eile• 
Bark Extract e. 



differed in appearance from typical black 1.1attle chromr3.tograme. 

The strongly reducing constituent F, also present in black and 

green wattle chromatograms is very prominent. As iu the case of 

green wattle, constituent D is most prominent and A, B, G r.nu 

possibly A.lso C and E are present? On chromntop;rruna run under 

identical conditione, the pattern of five .').r")aS A, B 1 C: D e.nd p; 

of uniformly h1gh con::e~nt-rfl.tlon do not stan~ out prominently l'l1th 

silver wattle,ae they do in the case of black wattle tannins. 

Furt:·u~r 'V.ork is necessary to eote.bliHh wheth&r any relrtt1onsh1u 

exists betvJeen the vaC'1oua epote observed in identical poeltione 

on the chromRtograme -Jf the t\'IO extracts. 

The applicaGion of chromatography. therefore~ particu~ 

lB.rly to the ethereal extracts) ha.A shown striking differences 

betv:een black and silver vrattle tanninso The developmel,t of 

"t.;·~ak fluore scence in Che latter extrnct on atmoaphe:r1c oxicati,)n 

1a also of interesto 

\3) Colour Reaction~ of the Tennine 

OoOl grm" tannin dissolved in 10 ml. abaolute ethanol 

and treated with one drop 5% aqueous Fec13 gave a green colour with 

ail·v-er wattle and a d t!eper blue-green _l<Tith black wattle. 

5 ml .. Ool% :Lead-salt purified tannins treated With 25 mlo 

ferrous tartrRte reng•3nt (}Utchell {2Sl}) and diluted to 100 ml. 

gave a. green colour w.~ th silver wattle and a blue-ereen w1 th black 

Both the ab1>ve colour-reactions point to a predominenc'9 



of catechol grou.pe 1r·. silver wattle tanninsD and pyrop;n.llol groups 

in black wattle tann~ns. 

Freeh aquecue extrnots (hot leached) of 11 green11 bnrk 

previously etored under paraffin» and adJURted to the same oon= 

cen1;:r2.t1on ( 16 Bk< ) g·r.:ve the values g 

pH 

Silver ~attle 5o2 

Black ~attle 4.6 

This d1ffer·ence was also reflected 1n lead= salt pt~r1-

f1ed extracts. 

Degradation of the Ta&nin ......... --
AlltA.lt :fusion of lead=salt purif1.ed silver \>Iat·tle tan~ 

nin at 195°C. for 2 hours wae repeated aA deecribcu for black 

wattle tannins. The product l'/a.e eubdi vl.ded into acidic anC.. 

phenolic fre.ctiona by the blcarbona te technique in the usu.a.l "Vray o 

.Paper chrome.togrt~phy showed that the acidic fraction (251: yield) 
-

contained protocatechuic, gallic and {5 =resorcylic ncide ae ;.;ith 

black WR.ttle tannins (l<,igc LXXV) n Judging by the area of thesta 

spot a protocatechuic acid appe~red present in higher» and 3'e.lliu 

acid in lower proportion than in black llnttle tannina o Such a 

comparison must be treated with caution, h0\1ever o ae fusion times 

and conditions/) known to have a pronounced influence on yieJd3 of 

pnonolic carboxylic acids~ are difficult to reproduce exactlyu 
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Fig. LXXV. Chromatogram of the Acidic Fraction and ,8-Reso.rcylic,, 
Gallic and Protocatechuic AC1de (Butanol : Acet1 c Aclcl ~ ·.Ia tel' e.t 

22°C. i~hatmanaa No . 11) sprayed with 2% FeCl:; Reagent. 

From the phenol1_c fraction { 20% yteld) after aubd.l. vi elan 

tnto meta- and ortho-h.ydroxy. fractions, the presence of pyr-ogallol& 

phloroglucinol and resorcinol was conclusively eetabl1nhed by 

paper chromatography, using a· variety of epro.ylng reagEmts o 'l'heae 

were aleo formed from black w~ttle tannins althour;.h the yield of 

phlo!'oglucinol from trw degradation of silver liattle tE.\nntns 



a.eg:t'adat1vf3 evitlencE: .. point to th~ p:n.t·Hmce of 1:-;.rger proportions . 

of oa:techol groups in e11ver them i.n blf.l.<~k 'i.·rattle ext:t. .. r.c~Gso A 

auantl.tatl va in•.rest:l ~;o.tlon of ~....:c-tho-hydroxy croups "Lva'3 thub 

de rJ:l:ra.ble to ro HflT'rn i; .hese dif.:fer~nce e. 

&•':t>om ·ih~ p:t•evioUEI lrn eatiGa.tion of l~he formaticn of 

:ferl"'OLla tartrate com~)le~cee ,.,it..!:· phenolic o:r·~ho ... nydroxy groups, 

it vas evidont l;hat catechoJ. g:roups ehow loHer absorption den..., 

~1t1es at 545 mp (abt;orption mr-x1num) D than ·.;ne equi•m.lent of 
" 

!lYrogallol i"UCltJ1 8 G! lpec1A.l1y at low pH ve.lucc ts.6 to 7.,$)~ 

Hi!Sher proportions of ~Jatechol unlts an euApected 1n ellver 

wattle, would thuJ ~lve a. lo•,mr tot~tl c..tbeorption over· the fl.bove pii 

:r-nr.ge when com!)r.r-ed u1 th ble.ck. lvattle o 

5 ml" of ar~ exnc'tly OQ l;t le~.d acetate purified tannin 

80lution wac trer.n;ed ~ ,ith 25 ml .. freoh fe:rrous ta.rtrate rea~~ent 

~,_na. d:1.luted to Joo ml .. ~he ph of thS.s ·so1utlon uc.<.e usually 

'"~.th black m=·ttle ·t~r .nin. 

meauured on e. B~ckmar Model DU Spect;rophot;)metero 

~.icctate buffer ~no. f~ nall~~ diluting to 1.00 mlo '.!'he a.bsol•.t;rt ion 

der-.31 ty and pH of ea:~h solution 1r.IRE! mes.a\U'Cdo Higher uii value 
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Here obtained by final addition of ammonia before making to 100 ml . 

{Fig~ LXXVI). 
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The Variation of Absorption Density with pH in the 
Tannin - Ferrous Tartrate Complexes at 54-5 m~. 

The lower curve obtained with purified s ilver wattle 

te.nni ns could be ascribed to three :factors ; 

(a) a lower r a tio of 11 free11 ortho-hydroxy-- phenolic gl'oupe to the 

r emaining tannin residues in silver wattle tann1na b 

(b) di fferent resonance effects in the consti tuenta of the ttvo 

tanni n s Trlhich might affect the degree of coordinntion in the 

ortho-hydroxy-phenol1c compl exes, 



(c) a higher ratio of ca tcchol to pyrogallol groupings in green 

wattle tannins •;han 1n black Hattle tann1neo 

From an exan1nn.tion of the FeClJ"'sprayed ono=d1mens1onal 

chromatograms; qualitative colour teats, and the naturnl pH of the 

extrF..cts, the 1~.tter ~.s considered to be the moat likely., · In 

any event 3 the spectrclp.hotometric study of Ailver and black wattle 

tannins revea.ls significant differences" 

Non= Tannins 
--~ ] -==c w: ·• • 

These were · neparated from the predominant tannin free= 

tlon by the a.ddi tion of excess of lead aceta.te to e.n aqueous 

solution of tho extraut. 'l'he lead tanno.te tvae centrifuged off 

and the reeultint; f?Olntion ehe..k.en \'11th three lots of 20 grms. ench 

of lightly chromed hiCLe powder. The solution was squeeze& 

through a clean nylon cloth Rfter ea.ch shaking.~~ finally o ti:rre.j. 

with J~S~L~T.,C,. Kaolin and filtered to clat•ify ~tS in the Official 

Method of tannin anD.l~rs1ao This clarified extract was evaporat~d 

to dryness under redtwed preesur.e ~ extracted. repeatedly with 

boiling absolute methanol to remove salts, the methe.nol extra.c'ts 

centrifuged a.nd flnaD.y concentra.tedq A paper chromatogram o~ 

concentre.ted non""tenn~.ns 1n the presence of standard refe:rence 

compounds~ developed uith butanol g acetic acid ~ 1..ratei' (4 ~ 1 ~ 5 

uppe:r layer) and alloued to drip off the paper revealed the 

presence of SUCROSE onl~ w1 th resorc1nol-HC1 3 napthoreeol'oinol­

HCl ( 369) and nR.pthornsorcinol-pho sphoric acid ( 37g) epray1ng 

reagents" Nnpthoreeorc1nol~phosphor1c acid spraying reagent was 



a.J.ao effect1 ve f'or de.tect1ng sucrose in the presence of the tannins 

on .c.bromatog.ra.me, 1,e.., rlithout the above separation ... Cha.rac~ 

terlstic colorations vrer·e developed "tthen epl'ayi.ng the chromato.4 

e;ram of the or>iginnl extract e.s a whole~ 

sucx·ose '\vac: also the only detectable ca:l':bohyd·ca.te non= 

tan constituent 1n black and green we.ttle extr!:'..cts obta.ined t'l··om 

1~he f::•eah barko 

~ 8 ) SU.lllffiS.I',l 

The chief c.ifferencce betv-1een silver and bln.cl~ w·s.ttle 

tannins which may be of significance 1n genetic studies are ~ 

(1) Difference £! 1n the thickness of barko 

(2) The lower ta.nn1n content of silver wattle ba.rlt., 

( 3) The more p1•onounced l"edness of silver wattle extracts,. 

(l..j.) Marked d1f1'erenoee in the one~d1mens1onal chromatogra~1B 

under U~Vo lighto 

{ 5) striking dlfferencea in one- dimens i onal chromatogre.me 

of the ethereal extrt=~.cte viewed in U~ V.. light , an:?. 

apre,yed w1 ~;h 2~ li'ecl3? 

( 6) D1ffez•enceB in the appt;3arance and concan tration o::~ 

reducing sreae on tuo- d1mene1onal chroma.togrwne.-

(7) Differenceu in the proportions of ortho ... dihyd.rox:r anc't 

ortho- trih:rdroxy phenolic groups a.e evidenced by quali-

tativa col()Ur reP.ctions and qua.n·t1 t ative epectrophoto-· 

metric eviclenceD 

(S) Difference:-; in pH values of the natural extracts._ 



The eim1lar~.ty of the 'tannins is emphasised by ;; 

(a) The 1dent1ca.l det;radatlon pl~oducts obta.ined on alk~line fusion 

( e.,g ., gallic. (3 ~reeorcylit~ and protocatechuic acids; pyro­

gallol& resorc1nc,l and phloroglucinol) of the 11 pur1f1ed11 

tannins, althouglt the phloroe;lucinol ·,.,.a.s obtained in higher 

yield a 

(b) Developed two=d1nene1nnp,l chromatogr::~mA of the tannins show 

many reducing spc1t s which occupy identicc.l po ei tiona on both 

chroma. togram eo These may represent either aimilP..r or iden= 

tical tannin con£tt1tuente ., 

(c) Sucrose is the pl•edominant ca.r•bohydrate non=tannin constituent 

of both freeh-baz~ ex~~act~. Gurns are also present but have 

not yet been exar~ned. 



CHJ\.PTJ<:R XIII -
THE E~!_~Q!.......QF THE BARK 0~, J}.fAQif\ 

:PYCl:U.NTHA BEN'rH 
-~- ~~~ 

(Colden Wattle Extract) 

T.b,e gold6n 1r·attle tree is easily dlet1ngu1ehed by the 

la•1ceolnte phyllodee ~-hich it ·oeg_rs_. :!OrnpaH:d Hith the fflathery 

compound leR-vee of blt: okr g:"een and silver wattle epeciee ~ ?t~e 

p, 419). 'l'he golden wattle 1a consequently known aes thF 11 b:road-

leavsd ;,·at tle11 in Aus1 rnlia 1 vjhsre 5. t has bean v.sed as r.. tanning 

mateT1al on a fair ly large scale l353)~ 

Thls acacj_a conta.!n:> a h1e:;h proportion of tanning 

material in t;he matur-E barko \J1111ams ( 3) recorda tha_i; 3out:l 

AfricBn-grmv-n 11 - 14- yee.r-old t1•eee yield be.rks QOntaining 35 -

41;% tannins and 10% ncn=tannins_ lvhile Coombe (384) quoties "39c5~~ 

and 4la6t tannin cont?nt for hustralian commercial golden wa~tle 

bark.., 1\aacia pycnanlha grows 1n the 1nte:r·1or of 3outhel'n AllB= 

t:r•alia ln 'HiU.'ffi ;::~_r3t..s cf medi urn ra:lnf~11 1 ~nd commerc1a.l broad~ 

leavud 1-1attle ol" ti AdeJ alder. bark8 which 1e Sl,p.:_:oa~S.d to 0!"lg1nate 

from the golden wattle tree only~ was considered to be the best 

ba:..~k sold to tanne!'e ln AUstrnlia .. Ao pyr:.nnntha via.B aJ.so fil"'e'"' 

ferred to other acac1e spec1ea for groHth 1n Norocco, and tho 

oa.~,ke were shown to ccntain 4-2 = l!lt% tp.nnins and 4- .. 1% g1uooa6,(3i:l4 ,l_ 

The golden ";.;attle thU!: succeeds 1n growing 1n poorer soiL~ en(1. 



under dryer conditione than those required by black wattles~ 

It would seem that these advantages have not been fully 

examined in south Afr1.caa Tris.l plan ta tiona \'rere at tempted on 

the Cape li'la.tee and t::>day some still exist at Eerste Rivs:r•. 

Small=scale planting~ also took pla.ce in NR.tal and the Easte1·n 

Cape Province, but conmercial afforestation was not attempted , 

Nevertheless, ite different habitat a.nd h1Bh tannin content are 

important, and this nJacia should receive more attention in this 

country with its llmi~ed areuA of adequate a.nd regular rainfall ¢ 

l''rom 'IJilllanils (3) figurea 8 it appears that the extre.cte 

are more reddish than black wattle extracte, but li£~hter thDn 

eilve:r vrattle extracts 1 A.nd (:l.S dark as green 't-lattle extre.c ts _ The 

sample obtAined conAi3ted of dr1ed bark obte.1ned from the Bcvern=­

ment plantations at E:!rete River·, and appeared more :r•eddish on th~· 

inne:.r surfaces tha.n c Jmmerc1al black wattle bark, 

No detailed chemical study of the tannins or non=ta.nnine 

was mR.de but a tvlO=·di:neneional ch:t•omatogra.m (Fig , LXXVII) of the 

methanol=extr·act of t 1e barlt ~-las run uno.er the condl t 1ons used for . . 

the other ncaciaeQ 

Ae these ta.1n1ns originate from the dried bark and. wer•e 

poss:lbly affected by mzymatic oxidation; direct comparlson with 

the freeh~bark methanol-extracts of' the other species is not 

possible. Six ep~te of relatively high concentration, 3 = S» are 

present in the high fr" region and probably correspond to eirr.llar 

' reducing areas on the chromatosrs.ms of black, green and silver 

"'l,·a ttle tannins 0 Con 3ti tuent a 1,~~ 2 8 9 and 10 do not nppea:;:· ln the 

methanol fresh= bark e:{tracts of the other species, 



3 

2 

F~gQ LXXVI .... , Two-Dimensional Chromatogram of the l1ethanoJ. Extr~o't 
of Dried Golden Wattle Barko 

Summar..[ 

~a) Of all tht3 apeoies of aoe.cia uaed for commercial 

tB.nnageJI the golden •rattle bark bas the highest tannin content
1 

but 

i tB extracts are alae> reddish 1n colouro 

(b) Ae i"l; g:rcMs successfully in drie:t" areas in Australia, 



ita possible use 1n this country should be 1nvest1gatedo 

(c) The polY}:henolic fl'action of the extract consists o? 

a mixture of a numb~·l" of phenolic tannins 1r1hlch ma.y be related "Go 

those present in the other acacia species studied~ 

I 



Silver 
Wattle 

-1~19-

Black 
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Green 
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F1g. }~VIII~ The Compound Adult Leaves of Silver, Black and 
Green Wattle Treeao 

F1g. LXXIX. A Twi g 3how!ng tha Simple Leaves of the Golden 
Vlattle Tree. 
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