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THE HIGH PRESSl~E CATALYTIC HYDROGENATION OF THE 
TANNIN OF BL~CK WATTLE(Ac~cia mollissima Willd .). 

PABT __ L._ 
CHAPTE~ 

INTFODUCTION. ------------
The W3ttle Industry in South Africa has, from 

its commencement in the middle of the last century, 

gradu~ lly a ssumed 3 posit i on of increasing importance 

in the econo~ic structur e of the country. Apart 

fr om the pr ovi sion of a valu~ ble tanninp extrac t f or 

home use and f or export, the tr ee its elf hes proved 

of cons id r.rqbl e i~portance t o the U~i0n ' s mining 

industries. In ~ ddition ther e ~auld appe~r to be 

possibilities f or the utilisa tion in the ncar futur e , 

of the rq~ gr ound b~rk 2nd the ~qttls extr~ct f or t h e 

rr.~nufa cture of e. nu~bc r of by- products,includ ing 

c ert~ in types of plRstics. 

Th€ r E~ lis~tion that dAta must be qvailable 

c oncerning the che~ic ~ l na ture of South Africa's ~ain 

t anning agent, wattle t~~nin, if the t anning proc ess 

is to be fully unders t ood ~nd controlled, has led to 

the initi?.tion of a number of r es enrches a t this 

Institute , ~ith the a im of producing evidence concerning 

the chemica l structure of ~attle t annin and its 

pra ct i ca l application. The dis sertation presented 

in the follo'''ing pages is ~ further contribution to\"ards 

an und erst3nding of the chemicr l constitut ion of wattle 

t annin. 

As will bE· shown in the follo¥•ing chapter, 
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information concerning the nature of wattle tannin is 

not abundant, with the result that work was commenced 

with but little knowledge as to its fundamental nature 

and properties. 

Most of the methods of investigating the nature 

of wattle tannin have been supgested by the general 

techniques employed during the last twenty years ·for 

the elucidation of the structures of naturally occurring 

macro-molecular compounds. In the main these have 

been degradative treatments such as oxidation, alkali 

fusion, and hydrogenation. 

The oxidat ion and alkali fusion of wattle tannin 

and its derivatives, have recently been investigated 

at this Institut e by A.M. Stephen (1), with the result 

that a number of identifiable end products were isolated. 

The results of this work have indicated that wattle 

tannin may well be a complex cond ensation product of 

polyhydric phenols,iinked together partly through 

aromatic side chains and partly through ether linkages. 

The low yield s of products obtained, and the fact 

that the methods employed caused not only breakdown of 

the molecule, but condensation to further complex 

substances, have made it necessary to seek information 

from some further degradative r eaction . The consider­

able degree of success met with in the elucidation of 

the structure of lignin by high pressure catalytic 

hydrogenation,vrhere other techniques had failed (2,3,4, 

5,6,7,8), indicated that in all probability wattle tannin 
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might yield to similar treatment. Certain prelimi nary 

experiments along these lines ~ere conducted by 

Stephen (1), but it has been left to the author to 

pursue the study in greater deta il. 

Chemical reduction of substances considered 

likely to be related in structure to the natural 

phlobatannins was carried out twelve years ago by 

Russell and Todd (9) 1 who measured the hydrogen 

absorbed by known amounts of their synthetic catechin­

like polymers . However, since the rec ent researches 

conducted on wattle tanPin have produced no evidence 

as to its structure being related to the catechin 

model , the results obtained by these workers have 

been of little value in the present investigation . 

Catalytic hydrogenation of the natural tannins has 

as yet not been reported . 

• 
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THE CHEMICAL CONST ITUTION 
_ _QF 1NA~_TLE TANNIN~. __ 

Information concerning the chemical structure of 

wattle tannin,and indeed of any naturally occurring 

tannin of similar type
1
is extremely scarce. 

. 

A review of the classification of natural tanning 

materials has been compiled by Cor bett(l6), while 

others are available in the literatur e ; particularly 

in a dissertation by Russell(l7). 

For the sake of completeness, ther efore, only 

the briefest of summaries of previous work on tannins, 

including ~attle , will be given . 

The natural tannins possess many properties in 

common; first and foremost being t heir ability to 

precipitate gelRtin and other proteins from . solution, 

and to convert raw hide to imputrescible leather. 

They are in general slightly acidic, high molecular 

weight substances with colloidal properties . By 

virtue of their phenolic nature they are coloured 

blue or green by aqueous ferric chloride ,and they 

precipitate with alkaloids and certain met allic ions. 

The classification of tannins is based on their 

reaction wi th hydrochloric acid and ~ith neutral 

f erric chloride. Those callEd "Hydrolysable Tannins" 

yield on treatment with dilute acid ,gallic or ellagic 

acids together with glucose. These ~ere at one time 

termed pyrogallol tannins on account of their blue 
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colour reaction ':'i th ferric chloride, and largely 

owing to the work of Fischer during the early part of 

this century, their structure is now fairly definitely 

established. 

1dattle tannin belongs to another class known as 

catechol tannins or phlobatannins. These are con­

verted by hydrochloric acid into dark coloured, 

amorphous, insoluble compounds and give gr een colours 

with ferric chloride. The chemical constitution of 

this type of tannin has been the s ubj ect of much 

speculation, and as yet nothin~ definite has been 

established. 

The similari t y of wattle t annin to quebracho, 

hemlock, r edwood and others of the phlobatannin class 

is indicated by i t s ability to produc e a heavy brown 

precipitate with gelatin, ~ and a dark violet colour 

with ferric chloride. It is non hydrolysable , r eadily 

absorbed on hide powder, and is also precipitated 

with lead acet at e , calcium hydrox:ide and bromine Vl]ater. 

In solution it behaves as a negatively charged colloid, 

while molecular weight determinations sho,t' it to 

consist of large particles of approximately 1800 

molecular weight units. Its solution show·s a pH of 

4.5-5 an~ is astrinfent. 

Most of the chemica l literature concerning t he 

phlobatannins i s to bs found bet v.'een the years 1935-

1937 (17,19,20,21). Since tha t time the only recorded 

work of note is t hat of Russell and his co-worker s in 
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the U.S.A. (18,22), who have recently undertaken a 

constitutional study of a series of compounds related 

to their earliest synthetic product,bis (7,3',4' 

trihydroxy) flavpinacol,which they consider to be the 

structural unit of the phlobatannins. 

Rus sell considers the phlobatannins to be related 

to the catechin (3,5,7 , 3 ' ,4' pentahydroxyflavan) model 

i.e. 

His reasoning was bas ~d on the grounds that he had 

synthesised from such units, compounds qualitat i vely 

indistinguishabl e from the natural product. The raw 

materia l us ed was mimosa tannin (whether from the 

s pecies Acacia mollissirra or not 1 is unknovrn). This 

gave on alkali fusion , phloroglucinol, pyro catechol 

and protocatecha ic acid, Workin~ on the suppositi ~~ 

that the tannins result ed from condensati.on of these 

units through the 4- carbon atoms in a pinacol fa shjon 

Russell prepar ed the follo~ing: -
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This substance was amorphous and qualitatively 

indistinguishable from mimosa and hemlock tannins, 

especially in regard to its absorption spectra, and 

was hence r egard t-d as the:· bas j_ c s truct, ·r e allowing for 

variations in the positions of the OH groups. 

Freudenberg in 1934 argued that owinp to the 

complexity of the reaction by "'hich RussEll had prepared 

the above, it was unlikely that a single product such 

as this flavpin?.col could ~ave resulted. In addition 

he did not accept the e·vidcnce on spectroscopic grounds 

as sufficient in vier of the fact thet the hydrolysable 

tannins behave similarly, and in any ca~e there was 

no r eason to suppose that the pinacol nuc leus should 

occur exclusively in the natural tannins. 

Freudenberg's ~ork was aimed at the constitution 

of quebra cho tanninJand his theory postulated that the 

phlobatannins were catechol poly~ers joined from the 

C-2 atom in one to the C-6 in the other i. e. 

<::::)oH 
OH 
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Russell's and Freudenberg's viev·s although 

differing greatly
1

may both be esPentially correct 

since t hey apply to different tannins , but no attempt 

to draw an analogy with thr. constj tution of ,r,attle 

tannin can be made. 

I n 1935 Chat0r(21) experi~cntcd on the oxidation 

of numerous tannins to discover if Rny anthocyanidins 

resulted . If the tannins n(re catechin poly~rrs they 

should, accordinf to the work of Appel and Fobinson(24)
1 

yiel d anthocyanidins. Chater obtained solutions of 

substances whose colour rea ctions r esembled thosE of 

the r equired products, but did not definitely prove that 

thes8 rer e actually produced . 

Later ~ork on the constitution of wattle tannin 

is a l most entirely due to Stephen(l) , who obtained on 

oxidation of methylated tannin, veratric and trimethyl 

ga l lic acids. On hydrogen per oxide o~idation, 

methyla t ed tannin shows no similarity in b~haviour to 

a methylated anthocyanidin, nor i ndeed on treat~ent 

with periodic acid, lead tetra-~cetate or l ead tetrox jde , 

does it give any indication of conforming to a structur e 

such as that proposrd by Fussell, since no ketonic acids 

ar€· produced. 

The alkali fusion of wattle tannin produces 
I 

resorcinol in fiar quantity ~bile no other phenol~ can 

ce isolated. ThE action of nitric acid r esults in 

oxalic and styphnic acids 1and oxidation by bromine in 

dioYan produces no anthocya n j dins
1
which it would dD if 
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wattle tannin ~Fr e a catechin oolymer. 

The conclusion arrjv~d at by Stephen(l) is as 

follows :-

11WE knO"' that the tanning material in vrattle 

is built up predominantly of r esorcinol, catechol 

and pyro?allol nucle i , and in addition of 

aliphatic chains or rings which are fairly 

hif:hly oxyg ena t ed . The mode of linkage of the 

aromatic rinps is such that carboxylic acids 

r Flated to catechol and pyrogallol, but not to 

resorcinol, may be liberat ed by oxidation after 

suitable sta bi lisation by conversion of t he more 

r eactive OH groups to methoxyl, but that the lovr 

yields indicate a grea t complexjty of structure . 

The stability of resorcinol as compared ~ith the 

other polyhydric pho~ols leads to its r ecovery 

in high proportion aft er viperous acid or Rlka ­

line trea tment where catechol and pyrogallol a re 

unable to survive. The points of attachment of 

resorcinol to the r est of the structure are as 

yet unknown but should be capable of determination 

by degradation of suitable derivative~ of the 

tannin". 
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CHAPT"f~ 

PRINCIPL~S UND~F LYING THE HIGH PFFSSt~I 
_ __ S.!i~:ft1XT I9_.tln>r P~It:A:+ J9r rr±£1PP.! -·- --

Numerous reviews conccrnin~ thE hydrog enation 

reaction , ar e in existencE (lO,ll,l2,13,14) , and in so 

f ar as the results of there studies ha ve actEd as a 

guide during the work, they may b€ briefly summarised 

as follows: -

Factors Other Than Choic ~ of Catalyst 
__ ____ G.Q.Y.f i'fllflK ~P~- ~-!??.~ti.Qp.!._ . __ _ 

1) The_Beqcti.Q!L r~~- be .P.9§.S i_.Q].~ .!.. 

Since cata lysts do not aff ect the i nh er ent 

t end ency of a reaction to proce~d , it is advisacle 

that the chemical affinity of thE reactants und er 

the particulAr conditions chosen, shoul d be 

calcul; t ed from fr ee ener gy da ta. 

2) Temperature . 

In g~ncr~l,terperatures employed are less 

than 400°C . Practically evf ry hydrogenation 

r eaction can be r evers ed by increas e of temperatur e, 

so that it becomes . nec es sary to work at as low a 

t~mperatur e as possible , and to strike a balance 

bet~een increasing the r 2action r a te, and so 

a ltering the equilibrium position in ord er to 

obtain the required product in r easonable yi Eld. 

In certain cas es increase of temperature may 

de-activate a catalyst and p~rhaps necessitate 

the addition of a promotor. The r Eaction speed 

is
1
in very generAl t er~s 1 doubled for every 5ooc 

rise in temperature . 
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3) pre§_§.Jd.r§..!. 

Pressure will affect the hydrogenation reaction 

according toLe ChatelieT's principle, and since in 

most hydrogenation reactions a gas ph~se is present 

and decr eas e in volume occurs , increase of pressure 

will cause incr eased r eaction speed • The effect of 

pressure is however not governed by any quant itative 

laws . 

4) Iirns· 
This f actor is entir ely an arbitr a ry one, and 

is contolled by the choice of other varia bles and the 

product requir ed , especially i n r eact ions where 

selective hydr ogenation is desired. 

5) :::.§:tic of HydrogE.p_t_p __ §.gbs~~Pf§. .. f.?§igg_Jiy~f..Q.f..8Jl.f\:t.ed . 

Up to a certa i n limit, the yield of product is 

controlled by the amount of active catalyst present. 

For thE- hyd:ogenat ion of liquids, the speed of r eaction 

and the product,are det ermined by the r atio of the 

partial pres~ures of the r eactants. 

6). §_g1vent~. 

A necessary condition governing the choic e 

of solvent in liquid phase reactions , is tha t it 

mus t dissolve the substance to be hydrogenated , the 

product and the hydrogen. Irtimate contQct bet~een 

th( r eactants and catalyst , is generally ac co~plish~d 

by some form of shak~n~ . The r atio of s ubs tanc e to 

hydrogen is gov0rned by the 
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solubility of hydrogen in the solvent; and hence 

the latter must be chosen with due r oFar d to 

this f actor. Mor ::.over , the nature of the solvent 

appears not only to affect the r ate or extent of 

formation 1but a lso the kind of product obtained. 

Thg_ Choic e and Propcr_:tiE's_s>f_1fl.5?._.9§:1al~h 

For high t empE:rature-pressur e liquid phRse 

r eactions the t~o catalysts in general use
1
are Raney 

Nickel (25,26 ,27,28) and Copper Chromite (29). An 

excellent paper has been published (29), on the effect 

of adding various mixed oxides as promoters to thE' 

l atter, and in the cours e of th€ ·work one of thE~se 

activated ca talysts
1
No.39 KAF,h8s beE-n used. 

As regards compounds containing only carbon and 

oxygen ,the action of COPPIF CHfm··ITF may be s ummaris ed 

as follmns :-

1) An oxygen to carbon link is very l abi le towards 

hydrogenolysis over copp( r chromium oxide at 250°C 

or above, if it is: 

a) In the 1-2 position ~ith respect to a double 

bond in the 3-4 position i.e. ~=~-6 ... ~ 
b) In the l-2 position vith r espect to an oxygen 

to carbon link in t he 4-5 position i. E. 3-~-2-6 ... ~ 
An oxygen to carbon linkRge is l abile although 

not so markedly as in a) or b) if it is in the 

1-2 position. 

c) With respect to a 3-4 carbon to oxygen link 

or 
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d) with r espect to a double bond in the 4-5 

position i.e. 2-C-2-6- .. 6 
2) 1-2 or 1-3 aliphetic glycols ar e l abile towards 

hydrogenolys is. 

3) The eff~ctivencs s of copper chromite to~ards 

saturation of double bonds v'.'h er c hydrogenolys is 

(thE splittinr of structures and groups into 

fragments und er vigorous r eduction mith hydrogen), 

does not occur, is some:-what l es s than fanE"y Nickel 

under comparablF conditions. 

RANEY NICKEL. 

1) This catalyst al\~r::.~ys contains a certain amount 

of a luminum which acts as a promoter. 

2) As under 3 above· the catalyst is JTIOre s pc·cific 

towA.rds the. saturation of double bonds t han 

towards hydrog Enolysis. It is part icul:rly 

us eful in the saturation of aromatic rings, 

where copper chromite fails. 

For a more detailfd comparison of the two 

catalysts and their effect on verjous types of 

compounds under hydr • genation, Ref.28 m.qy be consultE.d. 

Further, an excellent monograph by H. Adkins, entitled 

"Re:-actions of Hydrog E' n i'' ith Organic Compounds ovE-r 

Copper-Chromium Oxide end Nickel Catalysts" (Wisconsjn 

1937) is available . This l a tter makes a systc~atic 

study of the somewhat chaotic litcr qtur e concerning 

this subject. 
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Di§f~ion. 

A rEview of the Bvailable literature suggE."sts 

two ma in a vcnut s of approach tow? rds thc, planning of 

expcrimcnts, which might prove profitable when applied 

to wattle t~nnin. 

1) Hydrogenation under mild conditions to give a 

ste ble product,which 1Nould probably still be a 

fairly large moleculE' and whose prop "":rtics could 

bE invcsti?a t cd by further mild dcgradative 

rcac~ions J and by the prEparation of derivatives . 

2) A drastic hycrog snation designed to caus e 

hydrogenolysis, and the r ecovery of c ertain 

elemBntary building units of the tannin molecule. 

By ana logy ~ith the work on li gnin the author 

has pursued the l atter cours e , but a discussion as to 

the ad visa bili ty of this 1 Vlrill be d cf errEd until the 

concluding r ( m?.rks are made . 
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CHAPTEF. 4. 

THE HYDFOGEl'TATION OF LIGNIN. 

The work presEnted in this thesis has been based 

to a great extent on thE method USCd for the elucida­

tion of thE· structurE .Jf lignin, by means of high 

pr essurE catalytic hydrogEn~tion. It ha s ther efor e 

b0en d~em ed advantageous to include in the introductory 

section, somEthing of the ~En8ral plan us ed ~nd the 

r esults obta inEd in AmFrica. 

, Discussion. 

In many resp~cts tannin rrsr:mblcs li?nin (30,31, 

32,33) . Both are i nsoluble, high molEcular wei?ht 

polymers which occur togethEr in wide distribution 

throughout the V( gEt a ble kingdom, and in close 

as so cia tion with substances in t Ermed ia te bet1''0en lignin, 

cellulose and hemicellulose. This l atter f act makes 

the isolation of both in a pure state , almost an 

impossibility. 

Although the extrRction of tannin from bark is a 

matter of comparative ease, its separation from the 

water soluble substances occur ring with it 1 cannot be 

accomplished without severe chemical tr8atment 1 which 

may well modify its s tructure. With lir.nin,thc:· best 

that can be achi eved is a pr epar ation termed 11 acid 11 or 

"alkali" lirnin 1 accordin~ to the mE'thod of extraction 

used. Owing to the considerable modi fica tion of the 

structure likely to occur on extraction by ac icl or 

alkali treatment, all later work on the hydrogenation 
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of lignin has been concerned with the hydrogenation of 

wood , V'lithout isolation of the lignin present. 

Che~ically, tannin and lignin do .not appear to he 

directly related, in that lignin contains a certa in 

percentage of methoxyl groups and a cirbonyl group 

where~s tannin has none. Unlike tannin it produces 

carbonyl compounc s on boiling su lphi ted and methylated 

derivatives with strong alkali for long periods, while 

on methylation it shows two reactive OH groups per 

molecule,as against four for tannin. 

In view of the ?eneral similarity of the type of 

compound to tannin , it was considered profitable to 

survey the work on t he hydrogenation of lignin and 

where possible to adapt the technique to ~attle tannin. 

Hydrog~g~ tion_9_f L~gnip_.{_£0_,~.l.~ 6, 7, 8) .!. 

The raw product used was extracted from alcohol 

treated aspen wood 1 by refluxing ~ith methanol containin? 

3% hydrochloric acid. It was re-precipitated from 

methano l solution and dried. 

The resulting lignin was found to react "' ith 

hydrogen over copper chromite in dioxan solution,a~ 

250-260°C under 200-300 atmospheres 1during eighteen 

hours, producing a colourless or f aintl.y yellow 

solution and absorbin? 1 mole of hydrogen for every 

25 grams of lignin. 

There was obtained from the hyorogenation of 80 

grams lignin, 22 grams methanol, 9 grams of an alcohol 

of Boiling Point 92-95°C(7mm), about 3 grams of a 
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glycol Boiling Point 107-110°C(lmm), 20 grams of a 

glycol Boiling Point 125-127°c(lmm), 18 grams of a 

mixture of compounds Boiling Point 130-2600C(lmm), 4 

gr~ms of int ermediate frRctions and 5 grams of compounds 

boiling .above 2600C(lmm). 

The separa tion of the a bove products was achieved 

by r epEated re-fraction~tion through a specially 

d Esigned modified Widmer column (34), and later through 

a more efficient series of columns (5). The authors 

thems e lves state that the identification of the products 

is a direct tribute to the effici ency of the fr action­

ating columns used (5). 

The products after isola tion wer e re-hydrogcna ted 

over copper chromite in dioxan at 290°C(3). The 

a lcohol was char actEris ed as 4-n propyl cyclohexanol-1 

i.e.OH~C~H1 , by isola tion of its phenyl and 

o(-naphthyl urethans, and comparison of its properties 

and thos e of its derivatives with a sample of artifi­

cially synthesis Ed compound. 

The first glycol ~as identified as 4-n propyl 

cyclohexanediol 1-2 i.e. OH~~C3H in the 
0~ 1 

same manner, while _th~ . second was proved to be 

3 ( 4-hydroxycyc lohe:xyl) -propanol-1, owCI)-cH.t-CHiCWpH 

by two s eparate oxidations to a keto acid - one by 

chromic. a cid,and the other using chromium oxid e with 

acetic acid,in a mixtur e of water and benzene. The 

resulting keto acid was. identified by .means of its 2-4 

dinitro phenylhydrazone, while a 3-5 dinitro benzoate 
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of the glycol was also prepared. 

The high Boiling Point fr action 150-260°C(lmm)
1 

was dehydrat ~d over alumina a t 400°C and re-hydrogcnated 

over RanFy Nickel, producing a s eries of hydrocnrbons 

whose analyses shov'<:·d tha t therE are in lif!nin, units 

conta ining more than nine carbon atoms . 

The hydrog<:.na tion of trleade "soda " lignin in a 

similar manner (3) produced the a bove alcohols, and in 

addition , cyclohexanol~ 4-methyl cyclohexanol, 4-ethyl 

cyclohcxanol and ~ s €r iE s of high boiling point r esins 

of the s Ame n~turG as the 150-260°C(lmm) fraction 

a lready noted. From m~ple ethanol lignin there was 

obtained another product,3-cyclohFxyl !-propanol (6), 

id 8ntified by synth~sis and cow.p~rison as befor e . 

In a ddition,a study was ~~d e of the vola tile 

hydrogEna tion deriva tives of lirnin, which occur in the 

solvent (5), and amongst thes e wor e identified 2- 3 

d imethyl butane , methanol, t s trahydrofurfuryl a lcohol, 

ethanol, 2-2 diwethyl butanol, s econdary butanol and 

methyl isopropyl carbinol. The optimum yield of 

thes e substances was obta ined using Raney Nickel in 

butanol as solvent, a t t e:mperatures just below the 

critical temperature of butanol, and at a s high a 

pressure as was consistent with safety. 

The conclusions drawn from the r bove dat~ as to 

the §tructure of lignin, ~ill be omitted for the present 

purpose, but a gener a l obs ervation may be quot ed viz: 

HThe proportion and nature of products obtained 
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in separate hydrorenations of the same substance, 

may qe a function of the relative rates of hydro­

genation and hydrogenolysis,and not of any 

difference in structure of the material used. 

For if hydrogenation of u0saturated linkages pre­

cedes hydrogenolysis of carbon to carbon,or oxygen 

to carbon links, then cleavage (hydrogenolysis) 

may not ensue 7because the unsaturated groups 

which facilitate cleavage are no longer present. 

If hydrogenolysis takes plPC€ first , then hydro?enation 

will ensue. The relative rates of hydrogenation 

and hydrogenolysis are often extrewely sensitive 

to small changes in conditions'! 

It will be seen from the work described in the 

following pages that, in general, the hydrogenation 

of tannin produces a similar series of products to 

those of lignin,under comparable experimental conditions. 

Reference concerning the nature of the saturated 

cyclic products expected, is indeed scanty in the 

reported literature. Apart from the above quoted 

papers, Beilstein's "Handbuch der Organischen Chemie" 

and particularly a dissertation entitled "Cyclohexanols 

from Phenols" by Ungnade and McLarEn(l5) may be 

consulted. 
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C!:,!~PTEH 5. 

A - THE PUPIFICATION OF WATTLE TAN~riN . ----· ---~·-----

The raw material for the study of the chemistry 

of wattle tannin 1may be derived from either of t~o 

conven.ient sources, 1) the bark of thE"· tree itself or 

2) the commerciB.lly ma.rketed 1, •attl e extract containing 

approximately 62% tannins, 20% non-tannins and 18% 

moisture, according to the standard method of analysis 

by absorption on hide powder. The material resulting 

from either source is similar in moisture, tannin and 

non- tannin content . Up to the present. no process, 

not involving chemical change in the tannin, has been 

evolved to produce a product with more than 86% tannin 

content , or one with more than 76% non- tans. 

The resul ts of investigations conducted at this 

Institute (1), have shown that the extraction of 

commercial wattle extract vl.'i th cold acetone, results 

in a material ~ith a tannin content of approxi~ately 

82%; this value being higher than that obtained by 

any other means. This 11ac E: tone e:xtract ", "~Nhich for 

the sake of convenience will in futur e be termed 'tannin 11 , 

has been the ra~ product for all investigations 

described in the following pa?ES. 

The electrodialysis of a 5f aqueous solution of 

acetone extract through a cellophane membrane at 300 

volts (35) 1 has r esulted in the separating ou.t of a 

certain proportion of the smaller non-tan particles, 

leaving a material of mol~cular weight approximately 1800 
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and consisting after concentration and drying of 8% 

moisture, 8% non-tans and 84% tannin. This represents 

a slight increase in the ratio of tans to non-tans, 

but the time taken and the small yield, have made 

impracticable the use of electrodialysed tannin as a 

starting product. 

B - THE NON-TAN QQNST I~UENTS OF ACfTONE EXTRACT. 

In the use of the term "non-tans"1 it must be 

borne in mind that, owing to the method of acetone 

extraction used, th~ so called non-tans are contaminated 

to the extent of about 25%,with materia l still capable 

of tanning hide. 

A valuable survey of the non tanning compounds 

in wattle bark extract,has been prestnted by G. S. 

Tarboton(36),while further data has been accumulated 

by Stephen(l). The results of these investipations 

have shown that,as a whole,the non-tan constituents 

contain 2.1% nitrogen,of which .55% is in the form 

of ammonium ion or amide, 22.2% "su~ar" content,of 

which 9.0% is present as reducing sugar, 1% of 

inorganic matt er and 7.6% of ash. 

The chief elem~ntary units from which the non-tans 

are evidently formed, are HEXOSES, PF~TTOSES, r. FTHYL 

PFNTOSFS and UFONIC ACIDS. These are found in the 

combined state in a series of r elated compounds,which 

can be divided into the following groups: 

HEMICELLULOSES e .g. pentosans (xylan etc.),found in 

abundance in ligninified tissues. 
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PECTINS produced by the de-esterification of pectinogen, 

the chief encr usting substance of unlignified t 'issue. 

The parent compound is composed of four molecules of 

a uronic acid , one mol ecul e of a pentos c ,and one 

molecule of a hexos e . 

GIDAS are polymerides of hexoses and pentoses,and 

usually contain an acid characteristic of each gum. 

Gum arabic for example contains arabinose, a uronic 

acid and an acid of unknown constitution,called arabi c 

acid . 

LIGNINOCF.LLULOSE is a combination of lignin, a pentosan 

and cellulos e . Lignin is produced at the expens e of 

cellulose in the cell walls of woody tissue, and may 

Exist free or in t hE above combination . 

C ·- NON-TANS UNDI:R HYPP.OGFl\TATIOJL .. 

Data concerning the behaviour of the various 

constituents of the non-tans, und er the conditions of 

hydrogenation likely to be us ed for tannin, is not 

directly available in the literature . A number of 

h elpful r e views have ho~ever be en consulted,amongst 

which are described: 

1) The hydrogenat ion of a variety of sugars over 

copper chromite at 300 atmospheres and 250°C (37); 

the chief products obtained being methanol, ethanol, 

propanediol 1-2, 2-(4 hydroxytetrahydrofuryl)-methyl 

carbinol , h exanetriol and hexanetetrol. 

2) The hydrogenation of a number of derivatives of 

furane over Baney t:ickcl and Copper Chromite (38,39,40), 
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The products being chiefly low boilin~ point alcohols, 

and substances such as tetrahydrofurfuralcohol. In 

vi ew of the clos£ r elationship between the behaviour 

of pentoses and furane derivatives, the for egoing was 

considered helpful. 

The hydrogenation of cellulose and lignocellulose 

over Paney Nicke l and CoppPr Chromite has not been 

reported , but data concerning the hydrogenation of 

these substances under other conditions is available 

(41 , 42). 
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CHAPTER 6. 

THE APPARATUS AND PPOCEDURE OF HYDROGENATION. 

The hydrogenation bomb used 1was constructed 

according to thE general design advocated by Adkins(43) 

and was intendEd to withstand pressures up to 400 

atmospheres and temperatures up to 400°C. 

The material used was nickel steel and the 

bomb its elf was constructed in four portions . 

1) An outer cylinder one foot long~ 5~ inches in 

external ciameter and 3~ inches internal diameter, 

with threads turned on the top 1 for the screwing on of 

the cover. 

2) The bomb head consisting of a steel plate one inch 

thick with a long thermocouple well attached slightly 

off centre. 

3) The bomb cover
1
in the form of a sere~ cap with six 

bolts 1 for producing the necessary pressure on a,square 

cross section, circular gasket between the out er 

cylinder and the bomb head, in ord er to seal the bomb. 

4) The reaction liner; a brass cylinder with a scr ew 

top~ asbestos gasket, and hydrogen inlet, which contains 

the reactants and fits inside the thick steel casing. 

After charging and assembly, a gauge and needle 

valve gas fitting were screwed into the hydrogen inlet, 

and the whole ins erted into a cylindrical electric 

furnace 1wound with 23 turns of 22 gauge nichrome wire. 

The furnace in turn was secured in a galvanis ed iron 

cradle suspended from a wooden frame)while rocking 
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backv1ards and forPards at the rate of one· cycle per 

second was accomplished by means of a continuous r ated 

iHP motor. Heating and rocking '''fr c con t roll ed 

independently from outsid0 thG hydrogenation room. 

ThE. temp : r atur r: '.''as read by means of e thcrmocouple 

inserted into the bomb its ~ lf and attached to a direct 

reading millivoltmeter calibrot cd in °C. The ~auge 

which was attach~d dir ectly to th0 bomb was read through 

an ap<:.:rturc in the ~'-all. 

ProcE.:dure o 

After c~arging the lin~r with substance to be 

hydror0nated , solvent and catalyst , an QS bestos g9sket 

was ins ( ·rtcd . The lid portion, with a well for the 

thermocouple tub~ , was scr e~ed into position in such 

a manner that the sm~ll faS inlEt on the side of the 

linc:r \"as , as far as possible J r emote from the thermo­

couple ~ell . This ~as to ensure that durin? the 

hydrogenation tht=:: ~as inlet shoul d be uppermost to 

prevent oozinr out of the:· contents, '!'hil•.: the thermo­

couple well should be immers ed in the r eaction mi~ture . 

The liner was then insertEd into the outer casing 

noting the position of the gas inlet. ThE copper 

gasket was placed in position on the smooth upper 

surface of th0 outer container, and aft er positioning 

the bomb head, the cover was screy·ed on and the bolts 

ti~htened alternatively to secure even pressure on the 

rasket surface. After insertion of the gaure and 

needle v -~ lve, th•.' assEmbly was secured into th€- furn~ce 



- 26 -

cradle, with the gas inlet uppermost. 

Th~ thermocouple was introduced and by means of 

soft copper tubing,a hydrogen cylinder of 100-130 

atmospheres pressure was conr ected to the inlet valve. 

After filling, rocking and heating were commenced and 

continued for 20 minutes, during which time the t ern-

perature ros e approximately 80°C. The temperature 

and pressure continuE.d to rise for a further 10-15 

minutes,after which interval the current was again 

switched on. By intermittent heating the temperature 

was maintained within desirabl~ limits, while on each 

day during a hydrogenation,the bomb was re-charged 

with hydrogen from a cylinder kept at a fairly high 

pressure. The average hydrogenation was one lasting 

for three days of eight hours each. 

On completion of the reaction, and after the 

residual gas had been a l lowed to escape slowly, the 

liner was r emoved . The contents were poured out 

while th8 r esidual sticky solids wer e scraped out, 

usually with some difficulty. 

I MPROVEJlENTS I NTRODUCED I NTO THE HYDROGENATION 
_____ _;A=S::;,.;SEMBLY BY THE AUTHOR. 

The apparatus and proc edure described,were those 

employed by Stephen(l),during preliminary experiments . 

It was however obvious that, owing to t he very 

sensitive nature of the hydrogenation r eaction, the 

method used was too empiric and that more standardised 

conditions were r equired . ~or eover, certain structural 

elements of the <"' ~ sembly vrer e consider ed somewhat 
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imperfect and these were either r emedied or replaced 

by more efficient parts. 

A - Temperature ~9ntrol. 

The arbitrary method of switching the heater 

successively on and off, was consid ered the greatest 

drawback in the procedure, especially as hydrogenations 

could not be run over night, thus making the whole 

pr ocess unnecessarily t edious. In addit i on the 

possibility of gas es caping,and of the temperature 

being allowed to ris e sufficiently to burn out the 

heater unit, and also to cause possible unT:--anted 

modification of the react ion products inside the bomb, 

was considerably increased . 

A thermor egulator of the bimetalli c spiral type 

was ther efor e constructed and ins erted dir ectly into 

a well in the furnac e jacket . In order to prevent 

movement of the regulator with r espect to the furnace 

during shaking, i t was firmly attached to a stout 

bracket which was welded onto the cradle. 

The spiral was mad e of 1/32" spr i ng steel , and 

1/6411 bras s strips, 1/4 11 wide and we ld ed together 

with silver solder. The diamet er of the helix was 

1/211 and its l ength 311 • The bottom end was attached 

to an 1/8" brass r od which extend ed 1411 insid e a wid er 

tube attached at one end to the spiral,and at the other 

to a small box which E,nclos ed the contacts . The 

torsion produced in t he spiral by heating,opened the 

tungst en contact points,which wer e in turn connec t ed 
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to the primary circuit of a "Sun-Vic " r elay ·control. 

To the s Fcondary circui t wer 0 connected the furnace 

leads and a l so t he shakinr motor. It was considered 

advisable also to make and break t he shaking, in order 

to conserve thE' motor dur ing long runs. 

The above described a rrangement ~as found to 
0 control the temper atur e:: betv·reen 199-200 C, and between 

297-300°C for longer than 48 hours,on numerous t r ial 

runs. The l ag period bet~een successive shakings 

and beatings of e i ght minutes, ~as approxi mately nine 

minutes. 

!L":'_New Pr essure Gauge~_S3-n£. DE·vice for Fillipg__ f?.9.m~. 

As a r esult of continued trouble encount ered with 

faulty pr e ssur e gauges , and the inconvenienc e of r eading 

small and very inacurate gau?es through an aper ture in 

the room wall , a new fixtur e calibrated up to 6 tons 

per square inch was attached to a wall bracket outside 

the room. This was connected t o t he bomb by steel 

fuel-feed tub ing (.6lcm OD and .3cm ID) through the wall . 

In order to absorb shock dur ing 8haking, the piping was 

coilEd into thr ee spirals of 17" diameter . This 

arrangement enabl ed filling 1 .. i th hydr ogen to be done 

fr om outside the room, thus allowing gr eater ease of 

manipulation. 

A new and spc::cial ly construct ed high pr essure 

hydrogen cylinder was used for topping up the pr essur e 

tefore each hydrogenation. This providEd a constant 

s t arting pressur e of 2500 lbs. per square inch, or less 

if required . 
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C - Improved Heating Assembly. 

Owing to consistent long del ays encountered by 

the fusing of th~ nichrome heating mir e , the furn~ce 

wirinf was r ( -organised. Two spira l 1000 Tiatt tungsten 

clements \"C r t.: ···ound in p2ro.llcl onto a st·.:c· l je.ckc t 

~ith mica insulation, nnd s e t in P fir r clay of 

composition: 1400 grams Chj.na Clay, 2~0 gram!:' f'agncsinm 

Oxide, 750 ml of 50f Sodium Silicate, a nd 500 ml Wat or. 

ThE furnace '''as th::n slo' .. ly baked out .:1nd fin~. lly 

e.ft E:r s trong hr:a ting , pack--: d tightly v·i th dri ~:.d China 

Clay ~nd h~r~etically SG~ lcd . The · ·hole ::J.S !.": ..- rrbly ,_.. :-: s 

thickly lagg t d ~ith as brstos cloth. 

D - Insertion of a T cmp ~. ratur c Fu£_£..!. 

In ord e-r to fU':l rd a:r.'J.inst possible f Pilur c· of the 

r c gule tor, a L·r-:p.· r ~. t'Cr t.: :f v~:·': 'r:::s introduced in t h e. 

form of ~ small. strip of suit~blc r0tnl ~ ~ldcd jn s t riGs 

Th i s ·.·as pl:-> ccd i nside a 

small Pyr ex tub : -r·hich could be i ns : rt ed i nto the 

thermocouple ~ell . A l.:.ad :.:tr:ip , .. a s us -:-.d for t e mp-

erature control a t 200°C an6 7-jnc fo~ j00°C. Too 

grE:'at a rise in tc-mp : :rn.tur c ':auld th': r ·by rrc l t the 

metal and br ePk the hEPtcr c ircuit. 

E - PrcvE'ntion of LE:'akage; at Hi r.h PrE-ssu!:_f_s..!. 

The form of smooth copper f!aSJ:r,:t r:-r:ployc-:d in th,·· 

preliminary cxpE:-rin,r. ntE: t v:3.s f ound to b( inc·ffici cnt 

at high pressurE:' . Th~ tv·o r~strt surfac e s of the 

bomb ~e r ( accordinrly sorratEd, 0nd n ~ w fla t copp0r 

~;.~ skE:ts (1/16 11 thick , 5-§" OD~ 3~-~~ ID) 1rr ,: rc: procured. 
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These were annealed before each hydrog enation,and 

before sealing the bomb, were in each case thickly 

smeared with a li~seed oil-graphite jointing compound. 

The serrations wE-rE"' 1/32 11 deep and 1/8 11 apart and 

designed so that the t c::·e th of the upper suJ'face 1 would 

fit into those of the lower,viz. 

Bomb Head 

Gasket 

F -Miscell aneous . 

Nichrome steel bolts ~ere used to replace iron 

bolts in the bomb cover. A second r eaction liner of 

heavier material, a lthough s i milar in des ign to the 

original, was employed to allow of saving of time 

lost in cleaning out this part between successive 

hydrogenations. 

The procedure adopted for charging the bomb and for 

the carrying out of the ~ydrogcnation ,was similar to 

tha t already described, and need not be repeat ed. 
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CHf\PTEfl~ 

DESCRIPTION OF APPAFATUS Al''D TECHI'TinUBS 
__ ___;;O..;;;.THFP THAI'T. FOB HYDP.OGENATION-.......• __ 

~-=-Qombustion Analyses . 

All combustion analyses r eported in the following 

pages , wcre done on . 03 to . 07 grams of substance ,using 

an el ectric furnace ,,. ith a thr ee foot tube packed only 

v.Ti th copper oxide. Ths absorbents W€re ; for the C02, 

microanalytical 20 mesh AR soda lime, and for t he 

water, calcium chloride which ha.d be€n previously fus ed, 

r e -ground and rEt~ined under an atmosphere of co2 for 

some time . These were pl aced jn ~~Qll sealed glass 

U-Tubes . 

The initia l combustion after introduction of the 

boat wa s accomplished using a slow str eam of a ir. 

Oxygen which had been pre-heated over copper oxide,to 

remove traces of r educing substance, ~as then bubbled 

i n ,and finally air was aspirated through the system . 

A certain amount of difficulty was encountered 

owing to the consistent breaking of tubes, due to 

local hot spots in the large furnace. This i"as 

accordingly r e- wound vd th three separ ate 1000 watt 

spiral elcments ,set i n fi~ cclay , and attached to separate 

rheostats. With this ~rrangement even heating was 

secured throughout the :1hole furna ce length. 

B -Refractive In~i~es . 

These were determined using a standard ised 

r efr actometer of the Abbe type. Water from a thermo-

stn.t at the r equired t(·mp~. r< t~J.r e,wa s cir cul ated ar ound 
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the rEfracting surfac es by means of a small pump. 

C - Molecular We.~_ghts..!. 

The molecular weights recorded,were determined by 

measurement of the depr ession of freezing point 

observed,on introduction of a small quantity of substance 

into a known amount of DIOXAN as solvent. 

Dioxan was chosen owing to its ability to disolve 

all the hydrogenatjon products, water being entirely 

useless while b~nzene wa s only capable of disolving 

some of the lower boiling point products obtained. 

Pure dioxan w~s prepar ed according to the method 

of Eisenberger(45) as follows:-

One and a ha lf litr es of technica l dioxan 

werE boiled under g-entle reflux with 150 ml of 

normal hydroch:~oric acid for seven hours, with 

a sloV'r stream of e ir being passed through the 

stopper and into the flask,in order to remove 

the acetaldehyde litFrated. Solid potassium 

hydroxide was added to the cool liquid in a 

large separating funnel, and after shakin~ at 

intervals for a day and standing over night, the 

aqueous layEr was run off. This process was 

repeatE·d on the following day, a fter which the 

dioxan was transfered to a large flask and a 

quantity of wi~e-form sodium added. Aftcr 

standing for four hours,a t~enty inch fraction­

ating column packed with DeTl porcelain saddles 

was attached, and the mixture distilled on an 
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oil bath. A boiling point of 99°C (714mm) was 

reach~d after the distillation of 300 ml, whi le 

one litre of dioxan was coll ected at 99oc. 

This latter was placed in a tightly stoppered 

bottle and cooled in the bottom of an ice chest 

at 10°C for a day. After crystallisation of 

the gr ec:t t cr portion, the residual liquid was 

poured off and the crystals melted giving 950 ml 

of Vfry pure dioxan,of freszing point ll.7°C, as 

quoted in the lit er atur r. 

The ordinary Beckmann freezing point apparatus 

was us ed , but ov·ing to the extremely hygroscopic m'l ture 

of dioxan, a device for prevention of the entry of 

atmospheric moisture during stirring, was affixed as 

shown in the diagram. 

A 

ATTACHMENT TO 
BECKMANN APPARATUS 

A=Eeckmann Th::: . .:-mon.·_ t Fr 11-.St i 1:1 .:r. C=Mic:- ~ Spray Trap. 
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This attachment is in ess ential a sulphuric acid 

bubbler with a mica spray trap, through vvhich dry air 

is forc~d at the r a t e of one bubble per second. 

However in spit e of this pr ecaution being taken , a 

small but stead y drop of the dioxan fr ee zing point 

was still observed. The proc edure was therefore 

modified in order to make a simple extra polation 

correction,viz. 

Successive fr eezing points of the pur e dioxan 

were obs erved and plotted vs time on a ~raph,giving 

the straight line AB see figure 

CORR[CTION CRAPH FOR 
MOLE'CULAR W£/CHT 

DE:TERMlNATION 

G 

TIM£ I HOUI\ 

f 
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The side arm of the solvEnt tube ras thsn opcnod 

for a E:hort \.'hi l c s imul-': t i.nf the:· on try of ~;olut.c, -vvhich 

was in ~~ch c~s c contn i~rd in n s~3ll ~lass cap~ulc 

i. c . ~ , w::t ich could be broken by t h e. s tj_rr .. :.>r aft :::r 

introduct:Lon . 

A s ud den SJ!!all drop in frcczin§1: po:i.nt '7<:1S observed 

~wd furth €r r·::Pdings of the frc .:. zJ.ng point of pur e 

solvEnt -arc obsorv0d 2nd plotted vs tirnc
1
givjng a 

straight lins CD ps.r::tll~l to ::tnd sli.ghtly b :; low AB . 

The solut( Tias then add~d ,opcninf the side nr m for 

th~ sarrc tir-::.: fl S prevj_ouzly, ".!nd dissolvt.d -...·hilc 

successive fr eezing points plottEd vs timcJ f~Ve the 

linE:· GH apl~roxim-:;t. cly p·n· -'.' ll t l to AB fWd CD . 

In order to ~E~sur ~ the depression of fr ~(z in~ 

point ~ theor etica l line EF "!'as drawr: p~1rallcl to CD 

and CD. EF ther sfor c represents thG drop in fr eezing 

point of pur .::· solvent with time after thr. int roduction 

of the a ctua l solute , ~nd the depression of freezing 

poi nt is thus taken as the m . ~n of the distenc ~ s Rb , 

cd e..nd c f etc. betv'oen thf; freezing points o"t1served 

for the solut ion and thos E cxtrapol~ted for th~ solvent. 

Molecular we i ghts were c2lcul~ted using th~ 

for mula: 

M = 1000 X k X w 
T X w 

where M = Iviol 12 cular weight of solute. 

w = We:i.ght of solute· . 
k = Cryoscopic constant for dioxan . 
T = Obs E.rved f r Eezinf point dE:DI'€SSion . 
w = 1.7c:ight of solvent . 
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W was in each case obtained by pipetting 25 ml 

dioxan into the fr 8ezing point tub~and multiplying 

this volume by the density of dioxan at 20°C=l.0332. 

The accuracy of this was checked by actua l weighing 

and the error involved found to be ± .01 grams,which 

is small in comparison to the accurRcy of the method 

as a whole, which is claimed to be between 3% and 5%. 

The Cryoscopic constant for the dioxan was 

determined using a variety of solutes. 

1) Q¥CLOHE:XANOL. 

Pure cyclohexanol was re-distilled and weighed 

into a capsule . 

• 1566 gram caused a 0epression of . 282°c (mean of 

,283, .282, . 283, . 281 from extrapola tion graph) 

Hence k _ 100.16x.282x25xl.0~~2 - --- ;I)"bb- --~ = 4.67 

2) DIPHENYLAMINE . Pur e re - crystallised AR. 

a) .1956 gram in the form of a pellet gave a 

depression of .209°C (mean of .209, .210, .208, 

. 209 from graph) 

Hence k = ~ggx:~gg5xl.Q}lg = ~ 

b) ,3751 gram gave a depr ession of .399°C (mean 

of .399, .399 , .399, . 398 from graph) 

Hence k = 169~?2x.399x25xl.0332 = 4 .66 
.3751 

3) B -NAPHTHOL. 
I 

Pure white r e-crystallis ed AR. 

a) .1750 gram gave a depr ession of . 220°C (mean 

of .220, .219 ~ .220, .220 from graph) 
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b) .3283 

of .409, 

Hence 
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k = 144.16x .2?Q~~5.~1~)}g 
.1750 

gr am gave a depression of .409°C 

.408, .409, .410 from graph) 

k = l44.16x .40~x25xl.0332 = 
. 32 3 

(mean 

4.62 

The mean depression constant was taken as 4.66 
= 

(as against 4.70 as quoted in the literature (45) ) 

and this value was used for the determinations made. 
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CHAPTER~ 

PR.EPARATION OF PAW MATEHIAL AND CATALYSTS. 

A - TANNIN. 

It will be noted from the previous discussion 

concerning the pur:i..fication of tannin, that the material 

most easily pr epared and having the highest tannin 

content, r esulted from the extraction of commercial 

watt l e extract with cold acetone. 

Three kilograms of commercial extract wer e a ccor-

dingly reduced to a fairly fine pov~ er in a mill, and 

soaked in six portions ~ith cold acetone for three days, 

with intermittent stirring. The resulting dark brown 

solution was decanted from the r emaining solid1 and 

concentrated by r emoval of the acetone in a large 

distilling flask. Extraction of the raw material was 

continued until the decanted liquid showed only a 

slight yellowish colouration. 

The concentrates were then pour ed into eight inch . 
evaporation dishes and after ~arming on a hot plate, 

were placed under suction in l a r ge desiccators. As 

the r esidual acetone was r emoved the V'hole puff ed up 

into an easily powderable aerated m~ss . On fine 

crushing and furth~r drying under suction on a water 

bath
1
ther e wer e obtained two and one qu~rter kilograms 

of a light fawn powder, which was used for the following 

investigations. 

B - RANEY NICKEL. 

This catalyst 11·as prepar ed according t o standard 
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procedure (25),from a finely ?round 50f nickel · 

aluminum alloy. 

A solution of 380 gr ams AR sodium hy0roxide in 

1~ litres of dist illed wat€·r contained in the large 

beaker, equipped with a mechanical stirrer, was cooled 

in an ice bath to 10°C. 300 grams of nickel aluminum 

alloy was added to the solution ovcr a period of about 

two hours, v..rith stirring, and at such a rate that the 

temper a ture did not rise above 25°c. The beaker was 

allow~d to remain in the ic e bath during the operation. 

After addition of the alloy,stirring was stopped and 

thE beaker and contents allowed to come to room temp­

erature. After evolution of hydrogen became slow 

the rea ction mixture 1.~•as heated on a steam tRth for 

about eight hours, keeping the volume const~nt by 

addition of distilled wa ter. Hydrogen evolution 

again became slo~,and after settling of the nickel, 

most of the liquid suspension of 't}'hite sodium aluminate 

was decanted. Distilled wat er was added, the nickel 

stirred up and after s ettling, decanted again . The 

catalyst ~as then ~ashed by decantation with a solution 

of 50 grams sodium hydroxide in 500 ml distilled water , 

and the·r eafter with water again> until the washings 

werf neutral to litmus. Water washing was then 

r epeated ten times more; then with three 200 ml portions 

of 95% alcohol and finally three times with absolute 

alcohol. There resulted from this process 150 grams 

of finely divided and highly pyrophoric nickel, which 
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was stored under absolute alcohol in tightly closed 

and completely filled bottles. 

Notes. 

1) The catalyst may be stored under methylcyclohexanol 

or pure dioxan, but ¥.rhatever liquid is used must be 

soluble in the solvent us ed for hydrogenation. 

2) The stirrer motor must not be of a type which might 

ignite the liberated hydrogen. The stirrer blades 

should be of glass or stainless steel. 

3) To prevent corrosion of the thermometer bulb, it 

should not bf left in thf alkaline solution. 

4) Two ml of n-octyl alcohol may be added to prevent 

foaming)during addition of the alloy. 

5) The settled material contains approximately .6 

grams per ml of the cata lyst, and is more conveniently 

measured out by volume,than weighed,for addition to 

the reaction mixture. 

C - COPPER CHPOMITE. 

Connor, Folkers and Adkins in an excellent review 

(29),have examined the properties of copper-chromium 

oxide catalysts under three main headings: 

1) The improvement of the method of preparation,through 

the decomposition of copper ammonium chromate , 

2) The promot~on and stabilisation of the activity 

of copper-chromiu.rn oxide catalysts
1

by the addition of 

various meta l oxides. 

3) The development of other methods of preparation. 

The catalyst recommended by these authors as 
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being the most g0nerally active, '"as onc conta ining 

calcium, No . 39 KAF, which was accordingly pr epared 

? s follo' ·s . 

900 ml of a solution (80°C),containinr 261 grams 

hydra t cd coppf r nitrate (Cu( N03)2 .3H20) and 19.8 gr ams 

calcium nitr~t~ , was addEd to 720 ml of a solution 

(25-300C), conta ining 151.2 ?rams of ammonium dichromate 

and 150 ml of 28% ammonium hydroxid e . ThE' pr ecipitate 

was filt ered , the cake pressed and sucked a s dry a s 

possible. After drying in an oven at 75-80°C overnight 

and pulvE""rising, th€' product was decompos ed in three 

portions in a cass erole over a fr ee flame. During 

dEcomposition the po,.•dc:r was continuously stirr <:,d and 

the flam e was re~ov~d after thE dccompos j t ion ~as well 
. 

start ed. After a little more stirring,a sudd en 

cvolution of g,sEs occurred and the entir e mass became 

black. The po~d er ~a s then allowed to cool and the 

combined product l each€d for thirty minutes v ith 600 ml 

of 10% acetic acid solution, filter ed and ,,~rashed v•ith 

600 ml of water in six portions, dried overni?ht at 

125oc and finally pulvrr is ed . 
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CHAPTER.~ 

THE HYDhOGFNATION OF TANNI~ 

A - Summary of Preliminary Results Obtained by 
Stephen (1 . 

After a s eries of trial experiments it was found 

by Steph en,that on t he hydrogenation of tannin in 

aqueous solution over Raney Nickel catalyst a t 180-25ooc 

and 150-190 a tmospher es pressure, during a period of 

thrE:e days of eight hours e:·ach, there ,r.ras obtained from 

30 grams of tannin, 12.5 grams of a brownish black 

pov.rder and three or four drops of an oil (Boiling 

Point 93°C, micro), which float ed on thE' s urface of the 

solvent. 

Of the:· powde-r which as a whole was insoluble in 

water, 7.5 grams was soluble in a lcohol, the r emaind er 

bEing carbonisE:d but slightly soluble in pyridine. 

The alcohol soluble portion on d~structive distillation 

in vacuo yield ed three fr actions of dark viscous liquid 

and l eft a dark carbonis ed r esidue. These fractions 

were analysed by combustion 3nd the r esults placed on 

a c15 ba sis as us ed for tannin, showed absorption of 

a maximum of 12 hydrogen atoms per molecule f or the 

lowest boiling fraction. Acetyl derivatives wer e 

pr epared , isolated and s epgr a t ely hydrolys ed , s howing 

a decrease in numbers of OH groups ·with ris e in boiling 

point. 

The hydrogen2tion of tannin over copper chromite 

in water s olution and und er comp~rable conditions 

producEd similer r esults, but a gre~ter proport ion 
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of carbonised pr oduct v~s obtained, and the oils from 

destructive d i stillation of the a lcohol soluble portion 

showed a lo~er oxygEn content,probably due to hydrogen­

clysis. 

lL::._f.~PFR U.TNTS USI NG BANEY NIC~1-CAf._ALYS~~ 

With the for e~wing b=: ckgr ound, the pr esent work 

was commenc ed on the hydrog €na tion of t annin. The 

first experimen~conduct ed ver e in ord er to esta blish 

the optimum conditions for obtaining a ~orkable product 

using Raney Nickel ca t a lyst. Since satura tion of 

aromatic nuclei ~as des ir ed, t his ca t a lyst was consider ed 

likely to be of more use t han Copper Chromit e (Chapter 3). 

Experiment I. 

Substanc e . 100 gr ams of Tanni n , fr eed of a c etone by 

drying at 100°C under suction. 

Solvent. 200 ml hot wat er, s i nc e tann i n i s not 

r eadily soluble in the cold. 

1900 lbs. per sq,in.,rising to 3000 lbs. 

per sq . in. as the t emperatur e rose . 

1300 lbs. per sq.in. after r eaction. 

C ataly~t. 6 grams Raney Nickel. 

Temper ature. 400oc. 

Time . 8 hours. 

From this r eaction ther e •as obtai ned 20 grams 

of a highly carbon i s ed ma t erial, none of ,.,hich was 

soluble in a lcohol, ether, dioxan, benzene or pyridine . 

This r esidue glowed on heatinp and r esisted concentr a t ed 

nitric acid treatment , while the cont a iner smelt 

strongly of low boiling point hydrocar bons s uch as petrol. 
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It ''!A.S concluded that the temperature employed was 

too high and consequently Ex per iment II was conducted 

under similar conditions, except that the t emperature 

~as r educed to 300°C. The product r~sulting from 

this hydro~enation exhibit~d similar properties to those 

already d escribed, ~ith the exception that this time a 

very small portion ·was found to be soluble in vrar m 

alcohol.giving a dark brown solution. The petrol smell 

was again observed. 

As it was not consid er ed profitable to examine the 

carbonis ed products of Experi~ents I and II in gr ea t er 

det.:dl, ExperimC'nt III ·was conduct Fd as follov•s. 

Experiment III. 

Substanc e . 

Solvent . 

100 grams of acetone -free Tannin. 

200 ml of hot distilled water. 

1900 lbs. per sq.in.Jrising to 3000 

lbs. per sq.in. 1300 lbs. per sq.in. 

after r eaction. 

Catalyst. 7 grams of Faney Nickel. 

~emperature. 200°C. 

Time. 24 hours continuous. 

On opening the r eaction liner,a distinct smell of 

cyclohexanol was noticed. The solvent was pour ed off 

from the sticky black mass insid e , and the bomb washed 

out ~ith cold water. 

The combined washings were fr actionally distilled 

using a column 20 inches long and packed with porcela in 

saddles . With the first 20 ml of water distillate 
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a f E:·Y' drops of pleas.::J.nt smelling, faintly ye llowish oil 

wer E obtained. An examinAtion of thEse ~ill be 

described in Chapter 12, under trEatment of individua l 

fractions. The r emaind er of the distillat~ consisted 

of purc watcr a s proved by; 

1) its Boiling Point of 98°c (714mm), 

2) its Fre-ezing Point of 0°C' 

3) its r eaction with anhydrous copper sulphate, 

producing a blue coloura tion, 

4) its Refractive ind ex nfi0= 1 . 3330. 

The sticky black ~ass insid e the bomb was thEn 

scrapE·d out and extracted thr n~ times with hot absolute 

a lcohol. On filtration, a dark bromn and vis cous 

filtr ~ t e was obtained, whil e 34 grams of a hiF!hly 

c arbonised mBt Er i a l contqining the us ed c~talys t , wa s 

l eft on the filter. Th(; viscous solution v•as then 

evapourated und er r educ f d pr essure in a stream of carbon 

dioxide to remove the ethanol, t a ken up in a sm~ll 

quantity of acetone, and ·warmed on a hot pl Rte . On 

pl acing und er. suction in a l arg€ desicca tor it puffed 

up and ~qs obta ined in an easily powd er able form. 

Yield 40 gram s of ~ lcohol soluble bla ck hydrogen~ted 

tannin, which is a defini te product of the hydrogen~ tion 

using the a bove conditions . 

In order to obtain a suit2bl e quantity of this 

substance,one end a half kilogr~ms of t~nnin ~as 

hydrogen~ t ed in nine portions under the conditions 

describcd in Experiment III, yielding in a ll 832 grams 

of hydrogena ted tannin. 
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During the cours~ of the pr~pqration, thf effect 

on the percentage yield due to v~rying the ratjo of 

catalyst to tannin, was investigated. The rE""sults 

may be tabulqted qs follows for 200 gr~ms of tannin. 

Grams of C~=>_ talyst. Yield (grams) of 
Hydrogenqted Tannin. 

1) 11.5 70 

2) 15.0 118 

3) 16.0 120 

4) 25 .o 120 

Thus up to R certain liwit (i.e~ 16 gr2ms of R~ney 

Nickel),the percentaEE yield is increased, but beyond 

the maximum of 60% yield no increment is observed. 

The water washings from the hydrogenations were 

all retnined and the lo~ boiling point oils extrActed 

and treated as described in ChRptcr 12. 

C - ExP..mination of the Hydrogcnr->.ted Tannin as Such. 

1) The hydrogenRted tannin was ·shaken with benzene, 

acetone, dioxan, e::ther and alcohol to discovEr wheth(; r 

it could be extracted fraction~lly. In each C"'. S €' :1ll 

d~solved and nothing could be frozen out. It is th<re-

fore not a mechanical miYturc of products, or if it is, 

then these ha ve solubilit~es so· closely related as not 

to allow of separation by differential extraction. 

Water does not dissolve the substance. 

2) A portion was dried for five days in a modified 

Abderhalden drying apparatus (1, 44) at 112°C. On 

combustion analysis 

.0873 gram gave .2216 gram co2 and .0643 gram H2o, 

showing 69.2%C qnd 8.18%H. 
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On a C15 bnsis,this mQy be express ed ? S a formula 

C15H21. 3°j . 68 • 

.06j2 gram of the t annin on si~il~r dryinr and com-

bustion gave .1419 grnm C02 and .0294 gra~ H20. 

On a C15 b8sis,this corr esponds to C15H15.106.2· 

The abovt product is thus produced from the 

hydrog ena tion of tannin over Fancy Nickel '3.nd under 

the conditions of Experiment III, by the a bsorption 

of ! 1 mol. hydrogen for every 100 gr qms of tQnnin. 

3) A further portion ~as pl~ced after drying in a 

small ClA.. isen fl.qsk, and heatE:d for % hour on a 

glyce~ol bath a t 200°C with Hyvac appli ed. No che, nge 

r esulted, but on the applicRtion of dir ect hea t 

destructive distillation commenc ed with the production 

of a 10% yield of thick viscous brown oil,the prop~rties 

of which will bC> described in the following chapter. 

A ble. ck and highly c~rbonis cd r esidue r em.qined, which 

on extraction with benzene produced a further small 

quantity of viscous brown oil. ThE r ~maind er was 

similar in behRvour to the carbonised r esidue from 

Experiment I. 

4) An attempt was made to distil the hydrogEn~tion 

product using naphthalene a s solvent. On hcF.'.t ing 

under vacuum,destructive distilla tion occurr ed after 

fusion to a viscous mass, a nd the oils plus n2phth.q l enc 

distilled over. After fr eezing out of the naphthalene 

from an ethanol solution of the distill.~te , it was found 

that th E": yiPld of oils was in no way j ncr eas ed above 10%. 
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5) 20 grams of hydrogenated tannin were distilled under 

vacuum, with an equal quantity of solid sodium hydroxide. 

The usual yield of oils was obtained , and on acidifi­

cation and ether extraction of the residual mass, 

nothing resulted. 

6) 10 grams of hydrogenated tannin were added to 100 ml 

of 10~~ caustic soda, whereupon immediate solution occurre~ , 

and a few drops of oil were liberated on the surfaceo 

This oil on extraction wjth ether , proved t o be similar 

in nature to that isolated from the water solution of 

the hydrogenation , and was probably adsorped on the 

surface of the hydrogenated tannin, when the latter was 

extracted from the bomb as a sticky mass. The alkaline 

solution of hydrogenated tannin we. s then refluxed in 

an atmos pher e of nitrogen for three hours, after which 

it ~·as steam dist illed. The distillate consisted of 

pure water. rothing was obtained on salting out and 

ether extraction, or by careful evaporation of a port ion. 

Acidification of the flask contents with hydrochloric 

acid , precipitated the hydrogenated tannin again , ~ut 

nothing resulted on steam distillation ; the distillate 

being neutral to litmus. 

I t may therefore be concluded from the for egoing , 

that the hydrogenation product obtained 1 is pr obably 

only partly hydrogenated, since it's dissolving in 

10;- caustic soda , would indicate some r esidual phenolic 

character. Moreover, as will be shown later, the 

oils resulting fr om i ts destructive distillation, 
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absorb mor e hydrogen on rE'-hydrogenation. This may 

ho~over be du~ to the formation of ethylenic linkages 

during distilla tion ,viz. • 

-~:OH -r-
_t/ 'c--H 'c/~J·· 
t I' -4 'I .. c C"' 'r " 
I 'c/ ' I'-'-' \ / ' /C, 

This would happen if any tertiary ~lcohols ~ere 

produced during the cracking process. 
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CHAP'I·ER 10. 

PRELIMINARY EXAMINATIOn OF TH!"" OILS FROM THF 
CRACKING OF HYDFOGINATED TANNIN. 

Si nce the r Esults of th~ preliminary examinqtion 

of the Raney Nickel hydroefnated tannin just described, 

provided no i ndication that R further a nd more detailed 

examin~tion of it would produce us eful evid enc~ as to 

the structure of wattl2 tannin, it was decided to 

disrupt this subst~nce by destructive distilla tion. 

By this mEans it was ant~cip~ted tha t c ertain of t h e 

more .e l ementary building units of the molecule might 

be obtained. Aft er possible identification of these 

products, a l ess drastic degredation could be appl ied 

to the r e-hydrogenated t annin, des igned to produce 

larger fr ?gments , which on ana lysis might show the 

m1.nner of bonding between tho element ary units . 

Wi th this end in vie~, 40 grams of the hydrog enated 

product already obta ined, was placed in a Claisen flask 

with side Rrm packed wi th gl ass wool and s add l es for 

f r actiona tion of the liber a t ed oil . V'-3.cuum was a pplied 

using a Cenco Hyvac pump,and on the Rpplication of 

direct heat the substance was obs erved to melt and 

decompose with the liber a tion of the pr eviously noted 

oils. The following rough fr actions were co l lected . 

Tem:R§r.a tur~ Pr-es§_ure. Quantilli Remarks . ------
1) 95-110°C 1 mm 1.4 ml Colourless vr i t h 

main bulk at ll0°C. 

2) 128-145°c 2 mm 1.5 ml Yellowish wi th 
sudden distilla tion 
at 128oc and fair 
quantity 140-145oc. 

3) 175-190°c 2: mrn 1.6 ml Da rk yellow-
brown and r esinous . 
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The highly carbonis ed r esiduG was discarded. 

Thes e fr actions all darkened consid erably even 

when kept in s cal ed tubes in the dark. This may well 

be due to either,l) polymcrisation with the production 

of a d~rk resin or 2) a bsorption of oxygen by any 

partly satur~ t rd nuclei pr esent. The probability of 

thes e nuclei being pr ~sent is, as previously noted, 

f a irly high. 

The fr 3.ctions wer e all found to be completely 

soluble in alcohol, ether, · pyridine , dioxan and a cetone, 

while benzene and petrol ether dissolved only the 

lowest boiling of the three . 

Befor e examina tion,the fr actions were a ll r e ­

distilled in a semi- micro a ppa r a tus of the following 

des ign. · 

OJ ST I LLAT IOf\1. A PPA RAT US 

FULL SJZE 



- 52 -

The fractions wEr e dr~wn into bulb A of about 

2 ml capncity through capillary c, which was then sealed . 

The appqratus was immers ed up to neck B in a glyc erol 

bath and Hyva c applied. On distillation,the oil 

collected at the bend D e,nd was withdrawn with a cnpill2.ry 

pipette. 

By this means the same boiling point fr actions 

wer e obtRined,but this time each w~ s colourless. 

FRAC'l!ON I. 

a) .0663 gram ga ve on combustion .1720 gr am C02 and 

.0666 gram H2o showing 70.8%C and 11.24%H. 

b) The r efractive index n2~ was 1.48~. 

c) A micro - boiling point by the inverted capillary 

mE·thod, shm·,ed Boiling Point = 220°C ( 714 mm) with 

s ome darkening. 

FRACTION II. 

a) .0623 gram gave on combustion .1543 gram C02 and 

.0592 gram H20,showing 67.56%C and 10 .6~%H. 

b) The r efractive index n2~ was 1.703. 

FR.ACTION III. 

a) ,0639 gram gPve on combustion .1740 gram C02 and 

.0564 gr am H20, showing 74. 4%C and 9 .8%H. 

b) The r efractive index was too gr ea t to be measured 

on the sca l e of the instrument us ed. 

The thr ee fr a ctions a l l decolourised bromine 

water ,indic?.ting the presence of unsaturated compounds. 

Since the boiling rang es were too wide to suggest the 

presence of any particul~ r product, it was considered 
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that any further treat~cnt of the fractions as such 

would be valuclcss,without a pr elimi nary r e-hydrogenat ion. 

On re-hydrogcnPtion one might expect hydrogenolysis 

and complete saturation to occur, with the production 

of a number of definite compounds, and hence bett er 

definition of the boiling r anges of the fractions. 

Re-Hydrog enation of Cr acking Products of 
Raney Nickel Hydrogena t ed Tannin. 

One hundr ed grams of hydrogenated tannin was 

decomposed in two portions as previously described, 

yielding 10 ml of a ~ixture of oils. By ana logy with 

the work on lignin,these wer e r c-hydrogenated over 

copper chromite in dioxan under the following conditions. 

ExperimE'nt IV. 

Substance. 

Solvent. 

Pressure . 

10 ml of mixed oils. 

100 ml of pure dry dioxan,pr epar ed 

according to the method of Eisenberger, 

already described . 

1700 lbs. per sq .in.,rising to 2700 lbs. 

per sq.in. 1200 lbs. per sq.in. after 

reaction. 

Cat~lyst. 7 grams Copper Chromite catalyst 39 KAF. 

!£!!!per a tur e . 240°C. 

Time. 7 hours. 

The solutj_on on r emoval from the bomb was very 

light yellow, whereas it was black and opaque when put 

in. It would thus appsar that the oils becqmc either 

de-polymerised or de-oxygena t ed 1 according to whichever 
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alterna tive W3 S the cRuse of th€ir orig inal da rkening . 

Mor eover, a s is not t d fr om the drop in pressur e , a 

consid er able addition.'1 l amount of hydrog en T•ms a bsorbed. 

AftEr filt ering off th0 cata lyst, the solvent was 

r emoved under r E:duc cd pr essure in a stream of co2 , 

l eaving a bout 10 ml of oils ·which grad ua.lly d:::> rkened 

a ge- in evEn when r ct~ ined under va cuum and out of th ~ 

light . 

A c ert~ in amount of wat~r was l i ber a t ed during 

the r e~ction, as evidenc ed by the r eaction of a f ew 

drops of s olvent ~ith anhydrous copper sulphat e . An 

attempt wa s made to fr ~ctionn t e the solvent using a 

long column p~cked with porc elain saddlGs, but no sharp 

incre·a s e s in boiling point \''er e observed . The mi :xturo 

started boiling ~t 80°C and the t emper a ture ros e 

s t €adily to 98 .5°C (735 mm), a s the a zeotrope became 

richer in the second comnonent. 

Car eful fr 2ctionation of the r e-hydrogenat ed oils 

in a 25 ml Claisen fla sk fitt ed ~ith sma ll glass pla t es 

in the side 'Urn 

produced the following fr actions on distill~tion using 

a glycerol b~th . 
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Boiling 
Pointoc. Pr_.§§§Y:!'it!. Qug1gt~lli 

I. 55-80 1 ]"'\ffi ~ ml 

II. 80-83 1 mm 1t ml 

111. 93-96 1 C'lffi 

IV. 115- 125 3 rnm 2:} rll 

v. 140-150 3 mm 

VI. 150-200 3 mm 2 rnl 

Corr!bustion 
Ane.l vs E'~s • 
~--:.L . ~!i -

71.15,10.12 
71.10,10.11 

68.70' 8. 83 
68.55' 8. 91 

68.71, 8.15 
68.90, 8.26 

69.98, 8.45 
69.97, 8.41 

71.80, 9.07 
72.10, 9.16 

Colourle-ss, 
darkened, 
mobile. 

Co lour lss s, 
darkened, 
mobile. 

Viscous, 
darkened. 

Semi - solid, 
yellowish. 

Solid, 
yelloll.:ish. 

Solid, 
yello.w­
brown. 

The boiling points r ecord ed for fractions II and III, 

were on re-distillation in a scni-micro a.ppara tus, while 

the remllinder a r c those obs erv(d during fr actionation. 

Each of the-se portions was analysed by combustion 

to determine whether the percentages of c11rbon nnd 

hydrogen would correspond to those of various Prbitrarily 

chosen E'mpiric formulas. It ~as not expected that all 

the fractions would conform to a bRsis of the s~me 

number of carbon atoms, but rather that those of lot•Tr 

boiling points would conta in less carbon 2to~s per 

molecular unit than ths higher ones? as was found to 

bE' the case during the work on lignin. 

The Combustion Analyses may be r ( corded in gr eater 

detail as follows: -

FRACTION I. 55-80°c (1 mm). 

a) .0699 gram gPvc .1823 gram C02 and .0632 gram H2o, 
showing 71.15%C and 10.12%H. 
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b) ,0692 gr~~ gnve .1803 gram C02 and .0625 grR~ H2o. 

shm•ring 71.10%C and 10 .11~H. 

FRACTION II. 80-83°C (1 mm). 

a) .0679 gram g2vc .1742 gram co2 and .0569 ?ram H20, 

showing 69.98%C and 9.38%H. 

b) .0716 gr am g ~ve .1830 gr~m co2 and .0595 gram H2o, 
showing 69.75%C '1nd 9.29%H. 

FRACTION III. 93-96°C (1 mm). 

a) .0707 gram ga ve .1780 gra~ C02 and .0558 gram H2o, 
showing 68.70%C and 8.83%H. 

b) .0693 gr~m g~vF .1741 gr~m C02 and .0552 gram H2o, 
showing 68.55%C and 8.91%H. 

FRACTION IV. 115-125°C (3 mm). 

a) .0717 gram ge ve .1806 gr~~ C02 and .0552 gr qm H20, 

shoy;ing 68.71%C .qnd 8.15%H. 

b) .0694 gram g8ve .1753 gr2m C02 ~nd .0501 gram H2o, 
showing 68.9%C and 8.26%H. 

FRACTION V. 140-150°C (3 mm). 

a) .0717 gram ga ve .1839 gr 0.~ C02 and .0542 gram H20, 

showing 69.98%C and 8.45%H. 

b) .0725 gr~M g3vc .1859 gr am C02 nnd .0545 gram H20, 

showing 69.97%C qnd 8. 41%H . 

FRACTION VI. 150-2000C (3 mm). 

a) .0712 gram g?vc .1874 gr0m C02 and .0576 gram H20, 

showing 71.80fvC ~nd 9.07%H. 

b) .0713 gr~m g- ve .1884 ?r~~ co2 ~ nd .0581 gr am H20, 

showing 72.1%C and 9.16%H. 
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Howcvr r not much success ~~s encounter ed in trying 

to fit thE d~ta to ~mpiric fornul~e, and as a r es ult 

it must be concluded that the fractions obtained ~ r e 

in all prob8bility azeotropes of closely r el~ted 

hydrogcnqtion products. 

The result of r c- hydrogcnAtion has therEfor e 

been to more clc~rly define t he fractions obtained , 

prob~bly owi ng to the production of ~ number of definit e 

compounds, by further setur~tion of those only 

hydrogen~tcd to intermediat e stages . D~rkening of 

the oils has been elimin~ted by r e- hydrogenrtion, but 

on r emov8l fr om the bomb this hns agP in occurred. 
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CHAPTER 11. 

FD"RTHF.R GFJ:.T~:!?;.L Pf'OFE'P.TII S OF TH!:- OILS OBTlU!'":c:D 
FROM THf CF.ACKIWG OF HYDBOG:S:NATID TAtmiN. 

From the previous chapter it will be noted that 

an ~ttempt to discover suitable empiric formulae for 

the va.rious hydrofE:"n8tion products obt~ined, did not 

meet ~ith much success. It ,-r~s thus considered the. t 

befor e possible char acts r is a tion of ind i vi.d u.c·:1 l compounds 

could be att~mptcd, fLrrth cr infor~~tion ~ s to the ~enera l 

properties of eqch frqction ~auld hRvc to be ~v~ilu ble, 

To this end, thcr t for c , it was decided that a 

knowledgE:. of molecul-"r "'E":ights in conjunction v!ith 

combustion d~ta ~auld bE: p~rticul~rly useful, qnd more­

over that ~ study of thE vqri~tion in hydroxyl content 

of the f r ?ctions,would s erV€ to indica te the type of 

compound present i.e. '."hcthE:.r p prirr<:try :-.lcohol or a 

f.lycol etc. 

Since th£ quantity of oils l r ft over from the 

study of the eff €ct of re-hydroprnation was insufficient 

for the above dPscrib.:-:d purpos€, most of the r cmRining 

bulk of the Pe.ney NickE::l hydrogE.n'l.tE·d t2nnj_n ,··as accor ­

dingly disrupted in the manner previously noted, 

yielding 50 rnl of bro~n viscous oils. These t.tver e r E:. -

hydrogena t ed in thre e sep~rat e portions und er the 

conditions of Experi~cnt IV. The catB.lyst qnd solvEnt 

were removed by filtr ?tion of the yollov:ish solution 

e.nd distillation under r c: duced pressurE: in r-n A.tmos-

phere of carbon dioxide. 

The combined yiclds from these three hydrogen~tions 
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were then distilled on a glyc~rol bath under Hyv:::-.c, 

with the production of roughly the same fr9cti ons as 

rscordEd in thE prEvious ch~pt~r. However since it 

is knor n th!'t t und Er V.!A CUU17l fraction ::>: tion, compounds 

may not exhibit thf s ~ms boiling point on re-distillation, 

each fr~ction obt~ in cd wq s cRr cfully r e-distilled in a 

small Cl~ is cn fl~sk. 

The follo~ing tablE r ecords the fractions obtnined 

on rE-distilla tion. ThE pressures -r·crc.. r E• -<>d from a 

sma ll McLeod g~ug e . 

Boiling 
.E,QirrtO~ Pr es s ·un:· . Quantity. RE.'marks. 

I. 25-49 4 mm .5 ml Colourless,mobile. 

II .• 52-57 1.4 mm 5.4 ml Colourl~ ss,mobilc. 

III. 65-70 l mm 6.4 ml Colourless, mobile. 

IV. 83-85 .6 mm 7.6 ml Faint yellowish, 
semi-viscous. 

v. 92-96 .6 mm 10.5 ml Light yellow, 
viscous. 

VI. 110-112 1 mm 5.5 ml Oranfe ,s eni-solid. 

VII. 150-200 3 mm 6.0 ml Dark orRnp. e -brovm 
r es in. 

In each casE on r e-distilla tion ther e was l eft ~ s 

r esidue in the flask, a small alilount of bro1··n solid oil, 

very closely r esembling Fr~ction VII a bove . Since t he 

combustion anAlysis of this fraction is not very 

different fr om tha t of t he others (Chapter 10), it is 

possible tha t it ma y not bE a hycr op.en~tion procuct ~ t 

all,but a condensAtion polymEr formed from the other 

fr.~ctions. 
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Atte!lillted FrE' E: zing Out_gf ths Fr.!lctions . 

The fract i ons collEctEd , wcr E ~11 kept in a 

r efri g8r a tor for ovEr ~ ~onth in an a ttempt to obt~in 

crysta ls, but in no c2s c was Rny chenge in ngtur E: 

observEd. 

RE:fr£ctive Indi££~ 

These ~ErE dE:ter~inEd gt 25.1°C f or sodium li?ht 

a s descr ibed in Ch3ptcr 7. Noe~sur e~ents wer e made on 

t wo sepqr~te portions of e~ch fraction. 

Fr1.ction. 

I II . 65-70°C(lmm) 

I V. 83-85°C ( .6mm) 

VI. 110-112°C(lmm) 

VII. 150-200°C(3m~) 

Mol ecul ar Weights . 

Portion;l. Portion 2. ~~ean n~5.l 

1. 4584 1. 4585 
l. 4584 1 .. 4585 
1.4583 1.4583 

1. 4584 

1.4738 1.4739 
1.4737 1. 4741 1. 4738 
1. 4737 1.4740 

1. 4907 1.4906 
1. 4907 1.4907 1. 4907 
1.4907 1.4907 

1. 5072 1. 5071 
1. 5071 1. 5071 1. 5071 
1.5071 1. 5071 

1.5267 l. 5269 
1. 5267 1.5269 1. 5268 
l. 5267 1.5269 

1. 5365 1.5366 
1. 5.36 5 1. 5365 
1. 5365 l. 5364 

1. 5365 

was too dark in colour for 
measurement . 

The molecul~r rcights of the fractions wer e 

deter mined by depression of fre~zing point in dioxnn 

s olution , us ing the method of gr aphica l extrapola tion 
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Thf:' r c su1ts obt:incc~ rcrc a s fo11o• .. s. 

EEdQ1'.10N_ll.,!_ 52-57°c (1 . 4 r.om) . 

a) . 1995 r. r ''!"l f. !:> V ~ "1 d ;~:nru:s ion of . 317°C (r c,:::.n of 

• . ~17, • . ~17, . 317 , . 316 , fror. gr "ph) . 

Wht. nc ··· Mo1c:-:u1."r V!ej f.h t = 11,hl..:.. 

b) . )276 gr""r.• r:~v~. " d(pr.ssion of . 5'12°C (IT'C?.n of 

. 512 , . 51), . 512, . 512 , fror; ~r:ph) . 

·,;;hrnc c J o1ccu1 r-> r · ·E. i '<ht = 115-~.Q.:.. 

FRACT IO~LJ.JI.!. 65- 70°C ( 1 rrrr•) • 

a) . 1325 gr ~~ g~v: P d0pr : ssion of .181°C ( r. · ~n of 

.181 , .181, . 182, .181, fr oLl ~:r";h) . 

'.!h ~ ncf? r o1r:cu1-:r ·:.~: i:-ht = 1.3.1..:..!2..::.. 

b) . 2800 r;r ::tl7'• r:~v(· .q dcpr<:·ssjon of • . )90°C (r;•c':ln of 

FF:fbgTION_].L_ 83- 85°C ( . 6 wr.:) . 

a) .1981 gr~m f~VE ~ d onr0ssion of . 257°C (~c~n of 

. 258, . 257 , . 257 , . 257, fro~ rr"ph) . 

i':hC·DCE:' J'01£'CU1...,r :;_;ci~ht = JJ.2.:.._Q..:.. 

b) . 4193 vr arn r~ vr ~ dcryr ~ ssion of . 539oc (~er n of 

. 5)9, . 5·~o , . 5~9 , . 539 , from Pr ~v:h) . 

·::he ne e r-·olccu1 ·. :r ··'r i fht = ].~.Q..:..9...:.. 
E'.Acr roN_~ 92- 96°c c.E IT'~) . 

a) . 1861 ~ra~ O"V: ..., deprFssion of . 228°C c~f~n of 

. 228, . 2?-9, . 228 , . 228 , from 0 r "..ph ). 

v·hE"nCE' ~-~o 1 c c n1·r ·· · c i~ht = 1~.'Z..~ .. Q.!.. 
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b) . 3425 gr~m f~ VE ~ dEpr ess i on of . 415oc (roc2n of 

~416, . 416, . 414, . 414, from ereph) . 

•:·hc-: nc f.• rolecul "'r -·r:iFht = 14~ 

FFACTION J:.l.:. 110-112°C (1 ITH". ) . 

a) .2552 gr~m r~vc ~ drpr rssion- cif . 255°C (m~nn of 

. 255, . 256, .25'5, .255, fro!'!'. f. r -;ph). 

'lhFnce I\.. olrcul~r ':'E: ight = 180 . 0. 

b) . 4637 grR~ g~vr q drpr~ssion of .465°C (~ERn of 

.466 , . 465, . 464 , . 46~. , fror- ?r~ph). 

Whence r··ol : cu1 -r . ·:- i ; ht = 170..!.~ 

FRAC!IOr Yl..L. l50- 200°C (3 r1m) . 

a) .2523 rr1n r~vf 8 dcnr c s~ion of . 215°c (mean of 

.215·, . 215, . ?.15, .214 , frorr rr:-ph). 

1Fh0nc E ~~-olE" Ct11 ':r - ·c ip-ht = 21§..._2.!.. 

b) .4870 gra~ g~vc q dcryr · ssion of . 411°C (mean of 

. 411, . 410, . 411, . 412, fr oiP ~r...,ph) . 

~.hencE.. I· ol :: cul"'.r ·. :ei[ht = 2l '~..!.Q...!.. 

Com.Qg,?tion_~na}ys es..!. 

The fr"'ctions ~Ere c~ch an~lyscd by combustion in 

order to obtain dAta mhich could be us ed in conjunction 

~ith thE a bove det~r8in8d molccul~r ~e ights, to 

ascErt.:dn the nurrber of carbon ~to!!'S pE-r molccul:r untt . 

FRACTION I . 25-49°C (4 wm) • 

• 0691 gr am f?VE . 1754 ~r~~ C02 and .0710 gr~IP H2o, 
• 

sho~ing 69 .l%C ~ nd 11. 41H. 

F~£CTION II.!.. 52-57°C (1. 4 mr) 

.0742 gr am r~vc .1930 gr~w C02 ~nd .0723 ?r~m H20, 

sho,;•ing 7l.o;·. c <:nd 10.8cH, 
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FRriCT~8N III. 65-70°C (1 r~) . 

~0705 grPm g~vE ~1763 gra~ co2 ~nd ,0615 gram H20, 

sho1'·ing 68, 2~C e.nd 9. 69~,:H. 

FFiiCTION IV. 83- 85°C (. 6 mm) . 

o0729 gram gqve .1827 ?rae C02 Pnd . 0629 rr~m H20, 

showing 68.3~C and 9.59fH . 

FRACTION V. 92-96oc ( . 6 M~ ). 

o0704 gr Am f~V0 .1783 grrM C02 and . 0574 grer H2o, 

shov·ing 69 .1r c .? nd 9. 0.7~H . 

FR!,CTim~ VI.!... ll0-ll2°C (1 mr'). 

o0702 grcr gave .1815 gr~m C02 ~nd .0549 grqw H2o, 

showing 70.5~C and 8.68fH . 

;;-RACTIOT': VII. l50- 200°C (.) rnM) • 

• 0694 grar gav~ .1828 gr2m co2 ~nd .0569 gram H2o, 

showing 71.9~C ' nd 9 . ll~H. 

Det~r~ination of the Pcrcentnpe OH Groups of 
the Fractions Obt?ined. · 

The quantity of oils avai l~blc did not pErmit of 

the preparation and isol tion of an ~c0tyl derivative 

of each, follo~ed by a s E~nrqtc hydrolysis rxperi~ : nt. 

11oreovcr, the neccss:try 0istill!'>tion involved bc:-for t=-

hydrolysis of such a derivative mirht l e30 to un~·ant c d 

complication in the for~~tion of ethylcnic linkages, 

thus causinf inaccurRcy in the detrrmination . 

Literature conc · rning th2 detcrMin~ti0n of percent -

agE OH groups on a rrduced sc~lc was thcrrfore con-

sulted (46 , 47,48,49), ~nd thr method fin~lly adoptsd 

·was that of Adkins, Fran¥: qnd Bloom ( 46) '"i th a numb<:r 
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of ~odific~tions int r oduc ed by the ~uthor . 

Bct•:.·E en .15 ~ nd • ] f:'T::>. r:-; of the oil 1•·as ""Ei F-hed 

out into ~ gl~ss phiql · ith ~ l ong neck , m~dc by dr~~inr 

out a 1 . 5cm x llcm tFst tube in a hot flqoe . T~o fraGs 

of a mixture of one p.:;r t of pure a cetic ?:nhydrid e nnd 

sevE'n parts of pure ~nhydrous pyridj nc , ···as introduced 

fr om a weight burette inse r ted ~s fqr as possible into 

the neck of the phi~ l, to prEvEnt srlashing qnd evapor -

at ion . ThE· phi"'.l "'as the-n s r: aled by dirE:·ctinR a !)Oint 

fl~me at the centr e of t hE l onr neck nnd dr~rine it 

out, thus pr•vcnt in ~ condens~tion of r.oisture fro~ thE 

fl2me in thE phiql its elf . 

The sealEd tube ~ ns then he~ted for nine hours 

or longer in coilinr V/f' ter. It "'as then opE:ned and 

t he contsnts ~PShE d out into ~ flask rith cold distille~ 

The r! i xturE' , on top of ·:'hich the !">CEtyl 

derivntive floated , "'as titrP~.ted •"'ith . 2N sodiu!!• h;vdro ­

xide solution using phFnolphthalein 2s in~ic ~ tor . 

The diff erence between this tit r~ end th~t of q bl~nk 

portion of thE ~ cetic anhydride - pyr idine ~ixture , 

r epresent s the equiv0lcnt of ~cstic ~cid usrd for 

acety l a tion, from ~hich thP pFrcentq?e qcetyl ~roups 

May be c~lculP tcd . 

The method descri bed in th : ori~innl p~p•r , 

advocates the use of rround r l nss stopp~red tubes for 

the Pcetylqtion 1nd cla ims en ~ccvrnc:v of 1~, but it 

was found by the ~uthor that this procedure was 

inefficient owing to thE oozing out of acetic 
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~nhydrid e during digestion on nn oil cqth . By usin? 

sea led arr1pulcs , ,qn accur .:~ cy of .6f '"as consistently 

~bt ~ ined f or an ~ lcohol such ~ s cyclohexnnol (i. E- . a 

r esul t of 29.85; .qcctyl groups a s .., g-? inst ]0.04~ 

calcul~ t ed). 

Further, the origina l p~ per r e c om~cnds ~ddition 

of the .J. c etylr.tion li' ixture fr or: s pipet t e, but it V·'·"'!. S 

c ons id ered nor ( accur~ tc t o rei gh ·OUt such " s~~ll 

qu~ntity of s Ebs t~n c t: fr-or.: ::1. we i ?ht burettE- . The 

digestion timE' of f our hour s .:dvoc 8.. t ed, v•a s found t o 

be insuffici ent for full ~c ctyl~ tion; a minimu~ of 

nine hours bLing r equired for cyclohexanol. By a 

s er i es of tri3l cxperi~ Ents it wa s found unnecessa ry 

t o digest the blAnks bef or e titration . 

Determin~tion of the Bl ank Titres f or the 
Ace:tyl~ tion ~"'ixtur e . 

Th E' pyridine "·'as mqde ;;.nhydr ous by doublE dis ­

tillation a nd s t anding over solid potassiu~ hydr oxide . 

A mixtur e of 105 gr ams of pyridine ry ith 15 rrnms of 

RC €' tic ~nhydride '."'l.S then t:!adE' ".nc'l 1''E:i?hEd out in s ix 

portions for titra tion ~ith .2151 nor~ql NROH, 

pr ..: viously standnrd i s ed aga inst Ac id Potassi.u!T'. 

Phthal :-' t e and Hydr ochloric Acid . 

a) 2 . 0474 gr ams mi.xtur e r equired 23 . 7ml • 21 511~ NaOH. 

b ) 2 . 0285 '' " II 23 . 5ml II II 

c ) 2 .1263 tl It II 24 . 6ml II II 

d) 1.9463 II 11 11 22.54ml 11 II 

e ) 1. 9708 II II II 22 . 8ml " II 

f) 2 . 0474 f.l II 11 23 .7ml 11 II 
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The ratio of Volume to Wejght c2lculP ted for 
E3.Ch ~';las:-

a) 11.57 d) 11.58 

b) 11.58 e) 11.57 

c) 11.57 f) 11.57 

The mean f:octor of 11.57 , ... p s thus used in all 

determinations, for ca lcul~ tion of thE blank titre 

for any weight of the acetyl~tion ~iYture. 

Det ermination of the Perc entage Acetyl Groups 
f.Qr E3ch Fraction. ·-------------

All fractions '.··cr (' d ig E:S ted v•i th the 3.C etyl", t ion 

mixture for sixteen hours a t 98°C during 0 period of 

three days. This time vas consjdered sufficient since 

a portion of the high boilin? point Fraction v, sho~Fd 

no increa se in %Ac on acetyl~tion for thirty hours 

at 98°c. 

FRACTION II. 52-57°C (1.4 m~) • 

• 2224 graM substance ~ere di~csted ~ith 2.1148 gram 

Ac 20-Py mixture, Volu~e .2151N NaOH required ~ftGr 

qcetylation = 16.87 ~1. 

Blank titr e = 11.57 x 2.1348 = 24.70 ~1. 

Equivalent of .2151N "Cetic ~cid us ed 

%Ac 

FRACTION III. 65-70°C (l mm). 

= 24.7-16.87 
= 7. 8."3 ml. 

o2087 gram subst:;ncE '''ErE· di fC Stcd '··· ith 2.0616 gr ~m 

VoluDe • 215lr NaOH r c quired after 

acetyl~tion = 16.25 ml. 

\!\Thence %Ac groups = g]. 36:<' . 
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FRACTION IV . 83- 85°C (.6 om) • 

• 2631 gr am substc.nce wer E· d iE! csted ··!i th 2 .1101 gr -:.rn 

Ac20-Py mixtur ( . Volume . 2151N NaOH r equired aft er 

~c c tylation = 16 . 35 ~ 1. 

VVb t-nce %Ac gr oups 

. 2151 gr1.m substqncc ,,.:er e di!:ested · i th 2 . 0733 gr::11r. 

Volu~c . 2 1 51~ NqQH r equired ?.ftcr 

a cetylat i on = 16.20 ~1. 

vvhcnc e %Ac groups = 25.:..2:+-[ . 

FRA9TJ.ONJL. 110-112°C (1 mr-!) • 

• 2459 gra~ subst~nc e ~er e dircst€d ~ith 2. 1301 ?ram 

Ac?.O- Py mixture . Volume . ?.151N N~OH r squirod nft 0r 

ac etyl9tion = 16 . 45 m1 . 

WhE"nce ~: Ac groups = ~)._. Z~L: 

EB~CT IOP Y~~ 150- 200°C (3m~) . 

• ?.328 gr-:m substnnc e \••er e:: digestE:d , .. i th 2 . 3173 [!r .:lrr. 

Volume ~ 2 151N FaOH required ~ftcr 

Rc ety1~tion = 18 . 5 ml . 

Whence %Ac gr oups = ~~~Q7~ . 

Cnlcu1ntion of the Number of OH Gr oups per 
Mol ecular Unit of t he FrP~tton2_ 9£!01D&~ 

In ordFr to pnin sore furth er ind ic~ti on of thE 

type of corPpound pr ESE·nt , a C!llc.ul ::.t i on V' :J. S r.tade of 

the numbsr of OH rroups per ~olecul~r unit , on the 

ba sis of thf. ~ol~cul~ r ei ghts alrendy dcter r:ined . 

. . ..j 
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Fr!lction. 

II. 52- 57°C 

III . 65- 70°C 

IV . 83- 850C 

v. 92- 96°c 

VI. ll0- ll2°C 

VII . 150- 200°C 
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:~Ac Groups. 

24 . 73 

25.36 

23 . 38 

23 . 70 

24 . 97 

~ .. C'::l.n ~5o l t: ­
cul'-lr Wt. 
_f.21!PL_ 

114 . 25 

130 . 5 

139 . 5 

179 . 5 

216 . 25 

No . of OH 
Groups per 
Fo1Ecl!1.§..:_ 

.865 

1. 02 

. 982 

1. 15 

1 . 29 

1.66 

For the s:-1 kc of cor-p"'. r is on, s ome ?..ctua 1 figur c s 

dct : rmin£d for cyclohex~nol Rr ( given: -

• 23 70 gr1m cycloh e·x~nol '"er e d i ges t cd v:i t h 2 . 0734- fr~m 

Ac20- Py mixture of bl 3nk factor 11 . 68 for 9 hours . 

Aft er .!' CE·tyl r tion 13 . 44 ml of . 2151N ~TaOH r:erc required 

to neutralise . 

~h~ncc %Ac groups = 29 . 85 (30 . 0~ CP lcul~ ted) . 

Molecular ~eight of cyclohex~nol = 100 .16. 

Whence ~o . of OH ~roups prr Molecul~r unj t = ~21~ 

Di S£.\!S sion . 

An ~xa~inG tion of the r esults obt~ined for the 

varia tion in hydroxyl content is not p~rticularly 

cnlightEnin?, ~nd ~ould indicPt E th~t oning to th~ 

formation of var ious uns~turat ed links throur h the 

e liminat i on of ~nter during d i still a tion , the hydroYyl 

content of r~ch frRction i s l argly distor t ed . Further, 
I 

if such groupings as -c -
' c~~ -

cH wer e pr~sent, these 
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~ould probqbly kctonisc ~nd not und ergo ac ~tyl~tion. 

It i s ~or r ov(r st i l l not possibl~ to nssign 

empiric forrul rc to th t co~nounds obteined, probably 

a s ~ r esult of the prFs t ncc of unsatur~ted ~r oups. 

The f or£going r esults ~ay, for the snke of 

clarity, be pr c:-scnt cd in the f ollo,··ing tabulQr f orrn . 

(Sc,c OVf rleg.f) . 
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T.tJ·i<±r.IrL.Qf _f?I; _ _]TDJY IQ!Jb.b_f.E£Q.TIQ~:s .. 

A - The Low Boiling Point Oils Produced in the 
___ R~g~y- N i c ~~.LH.Y9. r or cn2. t ion _.9 .L !2:£1£11 D.!...-. __ 

It will b0 rrc~lled from Ch~pter 9 that ~ft cr 

hydror2nRtion of t~nnin over F~ncy Pickel, a fe~ 

drops of plcassnt s~elling oil ~ere obsErved floating 

on thE surf~ce of the r cter solvent. During the 

preparation of a qu~ntity of r~ney rickcl hydro~en~ted 

t2nnin, the ~atcr r ashings ~~r€ therefore cons~rved 

after 0ach hydrog:nQtion. T~o litrcs of 2 faintly 

yello,:·ish solution ·s ere colle-cted and se.turr>ted 1"i th 

co~mon s a lt, whereupon the oil flo8ted to thr surfac r . 

On cxtraction .of portions ~ith ether and after drying 

of the extr .'lcts over freshly bc:ked anhydrous sodium 

sulphate, thcr ~ ~~re obtained on ev~poration of the 

ether , 5 ml of a pleas~nt s~elling, yellowish, oily 

liquid, from the processing of 1~ kilorrams of t~nnin. 

On distillation this cYhibit : d ~ boilinp point of 

92°C 2nd became colourless. Lit~us g~ve n strongly 

acidic reaction with the oil, and as ~ result an 

attempt ~as made to effect 2 sep~ration of the acid 

T1•1o and a hrlf grams 1"E:Te 'lccordingly shaken 

~ith 100 ml water containing ry ~rams sodium bicarbonate, 

for 2f.r hours. After testing the solution for 

alkalinity , it was extracted three times ~ ith 2n equ2 l 

volume of E"·thrr . The rther extracts were colourless 

'lnd after drying over baked sodium sulphate, PA.ve on 
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Evaporation 1 ml of a colourl f:s s oil '.'.rhich ~xas ncutrq l 

to litmus and srn ~ lt like an estrr. 

The aqueous solution ·-.r2s thE:n taken to dryness on 

a W'lt(>r bath . The cont ents of the di sh '"er ( then 

exactly ncutr :3.l isE:d V1i th 5N H2S04, 5~ excess a cid be ing 

added . After cooling Pnd ~ther extrPction ther e wa s 

obt"'.ined 1 ml of ~ f e. intly ycllo .. ·ish oil r· i th a pungent 

odour and str ongly a cidic to litmu~ . 

A sep?. r ation into an a cidic and q non- acidic 

portion was thus eff ect ed . 

Acid Por tion . 

One drop of the acidic portion ras shaken ~ith 

~ ml Y'"l. tc::r , one drop of 61'1 NH4 OH and one drop of • 2N 

AgN03 r0r~ added , 2nd on ~arming the alk~line solution, 

bl::1ck silver ras deposited indicating the pr ob2bl e 

presence of FOR~"IC ACID, uhich WRS e lso evid enced by 

smell . The Boiling Point was 78°C ( 720 mm ) a s det er ­

mined by the inverted c ~pillary method. 

Non-Acid Portion . 

The Boiling Point -.ras taken as qbove and found 

to be 73°C (720 mrn) . As this smelt l ike qn oster, An 

attempt ~as rn?de t o hydrolyse it • 

• 2588 gram were boiled under reflux for 1 hour 

with 53.9 ml of .lOOlN ~lcoholic potash . After 

hydrolysis ,38.15 ml of .l216N HCl ryere requir ed to 

neutralise , giving as a v~ lue for the EquivRlent F'e ight 

340 . This figur e is extrgordinarily high considered 

in r e l ation to the boiling point , but m?y be due to 
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thE pres ence of non ester-like i mpurities . 

The solution from thE hydrolysis ~as m3d€ Rlknlinc 

and evapornt ed to dryness. On ~cidificqtion and ether 

extraction, ther e was obt a inEd ~ ml of a yellm"ish e.nd 

strongly <tc id ic oi l which smE-1 t of For rr.ic 3.nd some other 

higher a cid . 

In order to further examine the prop~rtits of 

thes ~: yell o:·.·ish oils, nn attempt l"flS IT!~ de t o fr::tctj_on ~lly 

distil both the ~c id ~nd non- acid portion , 3nd a ls o the 

r(m~ining mixture. Unfortun!>.t e1y the l')st trqc .: s of 

each exn1.odcd violcntly, blc~ing the ~ppar~tus to pieces 

qnd destroyinp. the oil . The cqus c of t he explosion 

was l~ter asccrt2inrd to be duE to thG presence of I 
I I 

I 

:r:_er_C(xid es in thr:: ethc. r us ed for cxtr?.ction purposes • 
..__ -

The genernl pr operties of this fr rction r ecorded 

in the forefo in~ chRptcr s eemed to sugfes t the presence 

of cyclohcxe.nol. 

{Qy£1QQEX2nol. Boiling Point )j- 5f:°C (1 mm ), 

nf)5 = 1 . 4650 , 71.9%C and 12 .07~H, 1\Iol ecul!:\ r '::t . 100 .16 , 

Fr eezing Point 23°C). 

(Fraction II. Boilin~ Point 52-57°C (1. 4 ~M) , 

nfi5 = 1.47j8 (note: Fr~ction I.n~5 = 1. 4584 ), 7l.O~C 

and l0. 8%H, Molecular Wt. 11~. 

The properties of cyclohexnnol, it ~ill be noted, 

a r e ther ~forc v~guely int~rmediatc between those of 

the very small Fraction I and those of Fr~ction II. 
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How r vor it was r eqlised th~t Fra ction II w~ s 

highly i rpur c , ~nd ns ~ r es ult qn ettempt ~as m0 de to 

isolate its phenyl-ureth~n (50) for fr~ctional 

cryst::l llisa tion pl_,r poses . 

~ small quantity w~s dehydra t ed by dissolving in 

t ther ~ nd st3nding ov<r bakfd anhydr ous sodium sulphn t c 

for 48 hours. On cv~porati0n of the ether under 

suction, th( oil crystarDsed but l~ t er ~eltcd . 

Concurrently rifh this process some distill ~d li~roin, 

cont~ining onr drop of tri ethylamine c at~lyst per ml, 

·as dehydr qtcd over qnhyd r 0us sodiu~ sulph~te . 

About .2 ~r~r of the dehyd r ated oil was then i ntr o­

duced into :. fl'lss phi.1.l 1r·ith e. lonf' neck , nqde by 

dre.1"ing out th E" lo· ··to.r h::lf of '? test tube. 3 r' l of 

the ligroin - c~t~lyst ~ixtur e , and 6 drops of phenyl­

isocy~nate ~ rr ( then added , ~nd the phiql se3led by 

dra~ing out the lon~ neck fro~ the centre in ord er to 

pr event condcnsqtion of roistur e fr om the fl~me in the 

tube . 

The· who l e w:ts then h€at ,·d in the VR.pours of r e­

fluxing mE:th.qnol for ~ hour, .~ftcr which it vras cooled 

in ice . From the mixture an oily slud~e ~nd ~ quqnt ity 

of crystals s ep~rat ed . The cryst~ls ~cro f ound to be 

diphenylur ea , whi l (. V""CUUJ'!). d istill~tion of the sludg-e 

in ~ small gl ass tube 1 f a iled to produce ~ny cryst.qls 

other th~n diphenylur ea . Repea ted nt t cmpts to isol0 te 

crystals fail ed even with the rost str in ?ent precautions 

t aken against entry of ~ater. 
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This bch::wiour with phP.nyl-isocy::J.na te v-rould 

apperr to indic ~ te the pr esence of A t ertiary alcohol 

in Fra ction II (50). 

Since the isol~tion of a solid phenylurethan of 

this frBction ~as not possible , it wa s considered 

likely th~ t on ncetyl~tion and fracti Jn2tion of the 

product, ther e might be obts incd an acetyl deriva tive 

of sufficient purity to pcr mj t of hydrolysis and 

subsequent pr r pr-:r !:' tion of r:. urE:th·1n fr orr the oil so 

liberat ed • 

• 3 gram of Fraction II was therefor e ac etyl~ted 

by heating nt 98°C for nine hours in a s ealed tube, 

vvith 2 ml of a r"ixture of 7 p·nts of a nhydrous pyridine 

to 1 of 8.Cetic 3n.l-}ydride. The product rf::-sul tinp. from 

this was removed fr om the r e~ction mixture by pouring 

the whole into ~~t er 8.nd extractinp ~ith ether. On 

eve.poration of the ether the·r c '"as obt3.ined • 25 ml of 

a yello~ oil smelling stronflY of cyclohexano l acet~tc. 

This was drawn into 1 gl"ss tube with a s~~ll bulb 

blown Pt one end. After s e~ ling,this u~s distilled 

und er Hyv!? c by pl e.cin.f! thE' bulb into -9. hole driller in 

a bras s block v;hich ·wqs slo,"lY heated '··i th a SF'D. ll 

flame .· · The temper atur e was r ead by mer:..ns of a 

thermometer inserted into another hole in t he block¥ 

On careful distillation, a colourless oil distilled 

a t 93°C (3 mm) tut no further fr 0 ctions ~ere observed. 

Thus no separation of P.cetyl deriv?tives has been 

accomplished, and further, the oi l obtained decolourised 
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bromine water, indicqting the presence of double bonds. 

On combustion, 

a) .0721 gr am gq ve .1777 pram C02 ~nd .0547 gram H2o, 
showing 67.l~C ~ nd 8.43~H. 

b) .0457 gr~m g8ve .1121 grar. co2 and .0338 gr am H2o, 
showing 67. or.c :.nd 8. 201~H. 

(Cyclohexanol Acet3te- 67 .5fC end 9.86~H). 

Two possibilities ar e therefore indicatEd. 

1) That the fr action is a mixtur e of cyclohPxanol 

a nd various cycloh~xE nols. 

2) Thet the fr action ~PY cont~in cyclohexanol qnd 

a t ertiary ~lcohol , as suggested by the att empted 

ureth~n pr ep~ration. A likely t ertiPry Plcohol 

nould be 1-Methyl Cyclohexanol whos e properties 

also vagu ely conform to those of FrAction II, a nd 

,hose ~ c et :=ttc boils at the sane t err.per!j tur e <:t S 

cyclohexanol acetate . In the event of q tertiary 

alcohol such ::ts 1-l"c thyl Cycloh£xanol bein~ present, 

the pres ence of 1-Methyl Cyclohexenc is also likely 

a s a r esult of distillation process es. 

If ~s suggestEd under 1), the only i~purities are 

cyclohexenols, then a 10'." t ernper A. tt'r e ::~ nd low pressure 

hydrogen9tion over a platinum or palla dium ca t a lyst , 

might offer ~ solution to the problem . 

• 
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C - Exaoine tion of Fr.<>,ction lV. 83-85°C _(.!_2_~mh 

1) Pr~.22.r..ation of ::m AcE't.Y .. Ll2&.I.lV!?ItivE'. 

An acetate of this fraction was also prepared in 

an attempt to caus e separ~ti on of the components by 

distillation of thE product • 

• 3 grarn of the acet3te fPVe on distillation, 

a) a bout 4 drops of colourless oil at 87-89°C (3 mm)and 

b) about .2 gram of colourl~ss oil at 93-94°C (3m~). 

Porti8n b) sDclt like an ester ~nd on combustion, 

.0690 gram g~ve .1711 gr8 m co2 and .0492 gram H2o, 
showing 67.66%C and 8.16%H • 

• 0722 gram gave .1793 grRrn C02 and . 0530 gram H2o, 
showing 67. 62~(C "'.nd 8. 22%H. 

However both portions a) and b) decolourised 

bromine water, so thqt not much can be inferred from 

the above results. 

2) Oxi£ation vYith f\Teut rr..l Perm1.qggnate. 

One gram of the fr action was added to 75 ml of 

10% potassium permanganate solution, causing im~~d:l.2te 

r eduction of the l~tter. The beaker was cooled in ice 

and mechanically stirred for 10 hours, after which 

stirring was continued for a further 5 hours at roo\"1 

t emperature. After filtr a tion~ sodium bisulphite 

crystals wf.re added until the pE:rm~.ng.:wate colour was 

destroyed. The solution ..,.,:J.s v•arr1eci and ag0 in f:l.ltereEl. 

1 ml of N NaOH was ~dded to ~Pke alkaline. After 

evaporation to dryness, 20 ml of 6N H2S04 were added 



- 77 -

and the mixture extracted twice with 20 ml of ether. 

The extracts , which were acid to litmus,were filt ered 

and dried over baked anhydrous sodium sulphate. On 

evaporation of the ether, some s olid whitish crystals 

were obtained, and a lso about . ? gra~ of yellowish oil . 

The crystals wer e soluble in ethanol, water a nd 

methanol, but recrystallised bes t from water . A 

melting point determination showed 188°C for the 

crystals, which are therefore i n all probability, 

succr~ric ACID. 

The yellowish oil was r e~ov - d from the r emainin? 

few crystals, by means of a smalJ pipett e , stuffed at 

one end with cot ton wool. Af t er sealin? of t he end, 

the oil was distil led by the usual method , using a 

bra ss block with thermometer i ns erted. 

A colourless oil of Boiling Point 86 -~4°C (3 mr ), 

was obtained and analysed by combust i on • 

• 0344 gra~ gave .0700 ~ram co2 and .0252 gr am u 2o, 

showing 55. 5;-'C and 8.14fE . 

3) Separat i on of Frac! i on_ IV _..;i.gto .. Tw.Q_9Pfl.l29D~0.t§3 • ... 

On the add i tion of 2 drops of 40-:· t:raoT~ solut i on 

to 1 drop of Fract i on IV, the latter darkened con-

siderably 
' 

probably due to the oxidation of some 

phenolic substance still present in the o i l. 

2 grams of Fr act i on I V were therefore taken up 

in 25 rnl of ether a nd shaken with 25 r:nl of 40 ra:JH. 

The aqueous layer went black, while the e ther layer 

remained only fajntly coloured . Or. standiDP 
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overnight,three layers formed. 

1) A light yeller ether layer on top. 

2) A small black layer of oily sludge. 

3) The dark brown 40f NaOH layer. 

These three rere separated and treated as follows. 

Layer 1. 

The ether layer ~as filtered, and on evaporation 

under suction, some crystals v1ere obtr-dned which later 

melted leaving 1 ml of a brownish oil. 

On distillation this boiled at 90-93°C (3 mm). 

The r efractive index determined was ri~5= 1.4983. 

On combustion:·· 

a) .0716 gram p.ave .1896 gram co2 and .0678 gram H20~ 

showing 72.l~C and l0.5f H. 

b) .0686 grar ~ave .1807 gram co2 and .0636 gram H2o, 
showing 71.8~C and 10.3~H. 

Tuo drops of this portion hoTever still decolourised 

bromine vm~er. 

Layer 2. 

On distillation the whole set solid, probably due 

to some caustic soda being present, while about 4 drops 

of slightly yellov·ish oil distilled over bet""een 

95-110°C (3 mm). The mass then dar~ened and carbonised. 

The refractive index deterr.ined was n~5= 1.4833. 

On combustion: 

.0647 ~ram gave .1558 gram co2 and .0611 gram H2o, 
shov·ing 65.6%C and 10.51-H. 

One drop of this portion decolourised ! ml bTomine r ater. 
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One drop of each of port ions 1 and 2 was d issolved 

in a small quantity of ether on a ~atch glass, and ; ml 

40~ NaOH added. No further darkenin? was evidenced . 

4) Q~~natiQ£L.of_Fractign_IV. 

One half f ram of this fraction ~as continuously 

oxygenated for 30 hours by bubbling in oxygen from a 

cylinder. This was in ord er to ascertain whether the 

darkening noted in all fractions including IV,could be 

due to oxida t ion of partly saturated nuclei present . 

Eo darkening was evidenced from this procedure . 
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CHAPTFB 13. 

CRITICim · OF RTSULTS OF TH--=- HYDF:OGENATIOT'T 
OF TAr~rH1 OV'- f; f.ANFY "f-T :'"CKFL . ~~.=...;. __ _ 

It is evident first and fore~ost,that the use of 

wa ter as a solvent for the Paney Nickel hydrofenation 

of tannin i s unsuitable, since the hydrogenated tannjn 

obtained from the reaction is insoluble in it . It may 

be inferred from the fact that a large amount of 

carbonised material occurs together , .. i th the hydrogenated 

tannin, that as soon as the reaction has preceded to a 

certain degree of saturation, the product precipitates 

out of solution and becomes carbonised on the side of 

the reaction liner. This latter, being made of brass, 

acts to a certain extent as a de- hydrogenator o~in? to 

the presence of copper, which is notable in this respect. 

Although it is not to be expected that the product 

from the Raney Nickel - water hydrogenation would be 

fully saturated, nevertheless a study of its cracking 

products, especially ~fter re-hydrogenation, might be 

expected to give some evidence as to the elementary 

building units present in the tannin molecule. 

Further, the results have indicated that the 

cracking process employed has been somewhat too drastic, 

in that gr eat difficulty has arisen owing to the 

formation of numerous degrada~ion products which are so 

closely related as to form almost inseparable azeotropes. 

In addition, owing to the vigorous conditions used, 

these substances have formed ethylenic linkages, thus 

giving a mixture of saturated and partly sat1Jrated 
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compounds. The whole investigation has moreover been 

hampered by the lack of specially designed and hiphly 

efficient fractionatin~ colu~ns employed in the work 

on lignin. 

As improvements on the preliwinary results obtained 

by Stephen (1) and sumrrarised in Chapter 9, may b€ noted: 

1) That owing to the sensitive nature of the hydrogenation 

reaction, the conditions of the proces s have been stan­

dardised. 

2) That all fractions have been r e -hydrop.enated and 

re-distilled,before any attempt at the preparetion of 

derivatives has been made. 

3) That the preparation and isolation of acetyl 

derivatives with a subsequent hydrolysis to determine 

the percentage acetyl groups, has been deemed inadvisable 

owing to the increas ed possibility of the formation of 

doutle bonds on necessary distillation . 

4) That whereas the combustion data obtaine~ by Stephen 

were placed on a c15 basis used for tannin itself, 

deter~inatiomof the molecular weights of the fractions 

obtained,have shown this to be an erroneous procedure . 

It is suv.gestE·d the.t a lo1~' ter perP.Lture and 1ow 

pressure re-hydrogenation of the fractions over 

platinum or palladium, mi?ht prove profitable before 

attempted characterisation of the products . Further, 

that by analogy with the work on lignin, a dehydration 

of the highest boiling point r esin (Fraction VII) with 

oxalic acid at 400°C, and subsequent re-hydroqenation 
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over Raney Nickel, mi?ht l ead to thE produc t ion of 

hydrocarbons, whose analytical data mi~ht show t he 

presence of certain larger fragment of the t annin 

molecule , containing perhaps 15 or mor e carbon atoms 

per molecular unit. 
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CHAPTER 14 . 

FURTHER HYDPOGENATJO~S OF TANNIN. 

On consid eration of the proc ess involved in the 

cracking of the Raney Ni ckel hydrofenated tannin under 

the conditions previously described , it v·ill be noted 

that when dis r uption of a single carbon to carbon bond 

occur s , the va1Enc i€s become stabilised by the formation 

of a double bond . If full saturation i s to be main­

tained then t he two valency bonds must be satisfied by 

the addition of two hydr oren atoms . For this reason 

it was considered that if cracking of the hydr o?enated 

tannin could be accomplished under an atmosphere of 

hydroren in the bomb during an actual hydrogenat~on , 

then a series of fully saturated products mi ?ht be 

obtained . Furthsr, if the correct solvent V'!ere used t 

then the wasteful proc ess i nvolving enormous carbon­

isation wi th only a 10% yield of oils , v·oul d be obviated, 

since no opportunity for carbonisation by precipi tation 

of the partly hydro~enated produc t out of solution, 

would occur. 

Since the partly hydr ogenated tannin already 

obtained was soluble in alcohol and also ths oils, this 

solvent was considered lik~ly to be suitable. In 

addit ion , s inc e the eff ect of temper atur e and not only 

the type of catalyst chosen, seemed to influence the 

cracking process, i t was decided to employ a temperatur e 

higher than the 200°C at which the partly hydrogcr.ated 

tann i n had been form ed . 
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Experiment V was accordingly performed under the 

following conditions. 

Exper _imen.LY..:. 

Substance. 50 gram of the partly hy0.roqcnated 

tannin already obtained, and previously 

dried. 

Solv c-nt. 

Pres~..!.. 

Catalyst. 

Temper ature . 

Ti~ 

400 ml absolute ethanol . 

2400 lbs. per sq.in.,rising to 3~ Tons 

per sq.in. 

24 gram of Raney Nickel . 

3000C. 

24 hours continuous. 

No water was thus present in the reaction mixture . 

From this hydrogenation· only pure carbon and pure 

water wer e obtained . It must therefore be concluded 

that the alcoho l had been hydrogenat ed to ethane or 

some higher hydrocnrbon and water, thus leaving the 

hydrogenated tanni n without any solvent and free to 

carbonise on the walls of the liner. This v·as also 

evidenced by the enormous increase in pressure noted. 

The following solvents way therefor e be considered 

of no use in combination ~ith Raney Nicke l at 300°C. 

Water . Since as soon as the tannin becomes partly 

hydrogenated,it pr ecipitates out of solution and becomes 

carbonised. 

Alcohol.:_ Since this undergoes hydrogenolysis to 

hydrocarbons and water. 

Dioxafu Since Raney 1~ickel and Dioxan explode above 200°C . 
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As a result of the foregoing conclusion , t wo 

a lternatives appear to be indicated. 

1) The use of a catalyst other than Raney Nickel to 

cause hydrogenation of the tannin a nd disr uption into 

oils . 

2) The use of Baney Nickel ~ith a suitable solvent 

( such as a bsolute e thanol or dioxan) at a l o,·er temp­

erature than 300°C. 

Of the two alternat ives,the former was preferr ed . 

Since the ultimate aim was to caus e hydrogenolysis and 

also complete saturation of the pertly hyd~ogenated 

tannin, Copper Chromit e was chosen as it is more 

specific towards hydrogenolysis than Faney Nickel . 

A suitable solvent was consid ered to be pure dry 

Dioxan , as thjs dissolves both the hydro~ fnatcd tannin 

and the cracking oils. 

Ex.Qer irrent VI. 

Substance . 20 gram of dry, partly hydrog ennt~d tannin . 

Solvent. 200 ml of pure dry Dioxan. 

Pressure. 2400 lbs. per sq . in ., risinP. to 5300 lbs. 

per sq.in. 

Catalyst. 10 gram Copper Chromite . 

Tempera ture. 300°C . 

Time. 12 hours cont inuous . 

The solution after removal from the reaction liner 

and filtration to s eparate the catalyst, was light 

ye llow in colour, whereas it was black ~hen introduced 

into the bomb. roreover, the appear ance of the 
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solution was similar to that of a solution of the 

cracking oils in dioxan. In addition the absence of 

carbonisation showed the solvent to be suitable . 

The solvent was evaporated off under r educ ed 

pres sur€ in a str eam of carbon dioxid e, and on examin­

ation by fractional distillation was found to contain 

only water (probably from hydrogenolysis) and dioxan. 

There ~as left in the flask about 10 ml of a 

viscous golden crown oil which gradu8lly darkened to 

black. On distillation at 2 mm pressur e ¥ ith a 

glycerol bath this g2ve a series of oils from 95- 250°C, 

the first portions colourless and the latter golden 

brown exactly f\ S before. A small charr ed res idue was 

l eft in the flask. This way be some hydrofenated tannin 

not completely broken down , o~ing to the short r eaction 

time . 

Thus t annin which has previously be en p~rtly 

hydrogenated over Raney Nickel in wa t er a t 200°C, may 

be broken down into a mixture of oils $oiling Point 

95-250°C - 2mm), over Copper Chrowit c catalyst at 300°C 

and 350 atmospher es pressure of hydr ogen. 

by we ight in 12 hours. 

Yield 50% 

Unfortunately the mixtur e of th~se oils decolour-

ised bromine wat er, showing that a l though Copper Chromite 

has caused hydrogenolysis of the ~aero-molecule, it has 

still not been ab le to fully saturate the partly hydro­

genat ed ar omatic nuclei present. If on the other hand, 

full saturation did occur, then t he double bonds ~ust 
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have been formed on distillation. 

ThE proc es s of obtainin? the oils by hydrogena tion 

of tannin over Paney Nickel followed by hydroPenolysis 

ov8r Copper Chromi t E: , y•as cons idE-r ed unn ecessarily 

tedious and also wasteful in vi ew of the first stage 

involved. Experiments ~er e therefor~ planned in an 

attempt to obta in the oils dir ect from tannin its elf, 

using CoppEr Chro~ite . 

For this purpose i t became necessqry to find a 

solvent which would dissolve the tannin, the partly 

hydrogenated t annin and the oils from the crackin?. 

Pure dry dioxan, although capabl e of dissolving the 

t wo la t tE'r, r"as un£: bl e to dissolve the t annin. Aft er 

a numbEr of experiments it was found tha t a soJ.utj_on 

conta ining 92% of dry dioxan and 8~ of water, was the 

maYimum str ength in dioxan which r·ould dissolve 20~ of 

its we ight of tannin, of partly hydrogenated t annin 

and of the oils . 

Experiment VII was ther ef or e conducted under t he 

following conditions . 

Exper iment VII. 

Substa~ce . 40 gram of tannin,dried and fr eed of 

acetone. 

Solvent . 

Pressure. 

200 rnl of 92f. Dioxan. 

2300 lbs . p~r sq . in.,rising to 3100 lbs . 

p ~r sq . in. and decr eas ing to 2400 lbs. 

prr sq .in . i n 3 hours, re~a inin? constant 

at 2400 lbs. per sq.in . for 17 hours . 
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Cata lyst. 15 gram C?pper Chromit e . 

T~Wp Eraturc. 300°C. 

Time-.• 20 hours continuous. 

The solution after removal from the bomb was again 

light ye llow, wher ea s it ~as black ~hen int roduced (s ee 

Experiment VI). The solvent was found, a ft er r emova l 

of the cata lyst and f r nctionation, to conta in only 

water from hydrogenolysis and dioxan. 

TherE ~as l eft after r emovPl of t he s olvent, 40 gram 

of a brovm viscous s lud ge ·which da rkened to a bla ck 

colour • On combust i on : 

• 0661 gram gav~ .1492 grcm co2 and .0384 gram H20, 

showing 61 . 6~C <?. nd 6 .45f H. 

On determin~tion of the molecular Tieight by depr ession 

of fr eezing point i n pur e dioxan , a s pr evious ly des cribed, 

a) .3151 gram g~ vG a depr ession of . 210°C (mean of 

. 210, .210, . 210 from gra!)h). 

Wh t::ncE' Folecular ,-re i ght = 

b) .4654 gram ga ve a depr ession of . 301°C (mean of 

.301, .301, . 301 from grRph) . 

Whence Mo l ecular ~eight = 

On distilla tion of this subs tanc e under vacuum on 

a glycerol bath, some oils ~Gre liber a t ed bet~cen 

87-230°C (3 mm), l eaving a bla ck s l ud?e ~hich on further 

strong h eating liber a t Ed ~or e oils , and left P carbonised 

r esidue. 

The r esult of this fina l hydro~cnat i on i s most 
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encouraging since mhen consideration of its molecular 

".·eight is taken into account ~<"i th the fact that some 

oils arE pres 0nt~ as shown on distillation, it may be 

concluded either: -

1 ) That th~ tannin has largely been broken into 

e lementary units (mean molecular weight 160), vrhile 

somE of the l erger molecular units still remain (mean 

molecular ~Eight 1800 (35) ). Or 

2) That the t annin has all been convert8d to units of 

molecular ~eight 274, which are r~ sily split to a 

certain ext ent by vacuum distillation on a Plycerol 

bath; the r ema jnd~r of the Molecular w~ ight 274 units 

formin? ethylenic links and condEnsing into a polymGr 

,-·hich requirE's stronger h ea t for decomposition . 

It may be notE'd that using a c15 bas is as generally 

ascribed to tannin, a substance of empiric formula 

C15H1906 (molecular wci?ht 295) v·ould r equire 6l.Ol%C 

and 6.485%H. Since the empiric formula generally 

us od for tannin is c1 5H15o6 , the product obtain€d r.·a y 

have r esulted from the r eaction of each molecular unit 

with 4 atoms of hydrogen. This ho•·evf'r is unl; kely, 

even though Copper Chromite is not specific towards 

the saturation of aromat i c rings. 

alternAtive 1 is to be pref erred. 

Consequently 
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g_R~PTIR 1). 

SillWARY AND FlJPTHEP MODES OF R2::SEARCH NECESSABY. 

The preliminary s~ction of this th0s is wil l tc 

foun d to include a dissortation on the cher.oistry of 

~att lc tannin, follo~cd by a summary of the ?ener a l 

principles und erlying the high pressur e catalytic 

hydrogenation method. The r esults of the hydro~enP tion 

of lignin - a compound r el ated to tannin in gener a l 

9ropcrties - are pr esEnt ed, together , ith a discussion 

conc erning the purification of the watt l e tannin used 

us ra'!' product. 

1he hydrogenation method has been appli ed to wattle 

ta~nin ~ith the production of a bleck , amorphou~ partly 

'1yJroeenated t annin, using Paney ~1 icb: l as cr-talys t . 

This has on des tructive distillation yi elded a mixture 

of high boiling point oils, the properti es of - hich 

havr been invest i~atsd after r e -hydro:enation, by the 

usual techniques of organ ic chem i stry . An examination 

of the r esults obtained has ho~e vcr i ndicated, that the 

use of water as a solvent for t hE r eaction is unsuitable , 

an~ moreover that the procFss of destr uctive distjllRtion 

employed has b: en too dractic, producing a number of 

unsatur atrd compounds . 

The use of Copper Chrowite as a catalyst f or the 

hyCrogenation of tannin in dioxan solution, has been 

shown to be mor e adv8ntagrous than t h e proc edure just 

described, in that thE oils ha ve been obtn i ned i n 

c e~tain proportion, by l ess drastic measures involving 
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less chance of modification of the products. 

Emphasis ~ust be laid on the necessity of obt~ining 

pure tannin ~s a starting product . Owing to the 

s ensitive nature of the hydro~En~t ion reaction , the 

presence of the slightEst tra ces of impurities in the 

form of the non-tan constituents of the raw material, 

might so considerably modify the r ea ction products as 

to prevent rny conclusions as to the natur e of the tannin 

mol ecule b ~ ing drawn from thE r esults. Further r esearch 

on the hydrogen~tion of t~nnin should thErefore be 

accompanied by inv~stigations directed to~ards the 

purifica tion of the starting product, or a t very le~s t 

towards obtaining ~ sub~ t ~nce of stAndard particle size . 

Further Effort · should be dirEcted towards incre1sing 

th~.. y"'.clds of hydrogenation products, which h3.Ve l:Gen 

fo:md to be somE'"h<:.. t low. To this end , a continued 

study of the use of Copp :r Chromite, involving variations 

in the conditions of th~ re8ction, would appear likely 

to prov~ profitable. 

It is sur:gEst(d that the preble~ mi£ht be appro~ched 

from tvvo angles. 

1) Continued experimentation to obtain full yields 

of the elsmcntary building unj.ts in the form of oils, 

dir ect from t annin using Copper Chro~ite in 92~ dioxan 

or some suitable sol vent. This to be follovrEd by r c ­

hydrogenation end id entification of the products, 

after sep8r at ion using more effici ent fractionating 

columns. And 
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2) A mild hydro:enqtion to causE full ssturation of 

ti:1 .: tannin molE:'cule, preferably ov ::r Fancy l\Tickel in 

a suita ble solvent and under suitable conditions . 

Thi s to be followed by further mild che~ical degradations , 

designed to · caus E fr~:m cntation with thE production of 

compounds which might on analysis shom the manner of 

bonding of the tlemEntary units. 

In each procedur~ care must be taken that the 

~roces s us ed should not be so drastic as to caus e the 

fo: m?tion of doubl e bonds by disruption, and the 

consequent difficulty of s epAr ation of thes e p2rtially 

s aturated nucl ei. The us e of lo~ pressure ~nd low 

t cr•per a tur e hydrogen'ltions over Y) latinum or palladium 1 ~ 

j s sug g est ~d a s likely to be helpful in this respect. 
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