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ABSTRACT 

A more-effectl\e mean3 of actl\aung cellulose than hitherto reported has been 

deLlsed for the abstractIon of carboh!drats> from holutlon Cellulose coated v.lth 

hydrous tltamum(IV) oxldc reddlly adsorbs branched polqsaccbandes such as 

gljcogen (t y a coated cellul~~~e contalnlng -I S?, of titanium v.111 adsorb 0 52 mg of 

glycogenlmg of tItanrum) and has a ION aRmty for monosacchnrldes The h;drous 

oude. a3 a dried powder had a loiier maximum ndaorptlon (0 OS mg of glycogen 
and 0 02 rrg of D-glucoselmg of tlranlum) showng the beneficial effect of It> coating 

on cellulose Conversely, freshly prepared hydrous tltamum(iV) oxide, which had 

been neither washed nor dried had a greater mavlmum adsorptlon of glycogen 

(4 46 mg/mg of tItanrum whilst the .genern*mn of the hydrous oude In soIutIon< of 

glbcogcn iurther Increased the ms\lmum adborpllon of gl>cogcn (8 40 mg/mg of 

trtanlum) hla_gnet~c Iron ollde coated with hydrous tltamum(iV) oxide retains all 

the adaorprlon propertIe of the freshly prepared hydrous tltamum(lV) oxide and 

ImproLes the handling and sedlmentatlon propertle> of rhe material lncludlng IIS 

response to magnet4 

lNTRODUC’l-ION 

Transitron metals such as tltanlum, Iron, tin. vanadium, and zlrconlum babe 

been used to actl\ate the hurface> of various matrIce\ such as cellulose and njlonlB3, 

glass’ z a, alglnlc aad chlrln, and Cel~te’. and pol\(A-acryloyl-l dnd -5-am,no- 

sallc)cl~c aclds)O, to gibe den\atl\es IO \thlch enzymes’ ’ 5-6 and antlblotlcb3 can 

be attached Nek% technlqueq hare been debeloped w hlch use the oudeh and hydroudeb 

of the transrllon metals as a means of binding and losolublllslng amino acids, 

peptides, and enzymes ’ * These ovldes and hvdrovdes also bind a number of orgamc 

compounds, mcludlng sodium dodeql sulphate”, formx acid’“, and poiqstbrene’ ’ 

Smce the dtscovery I ’ of a hydrouae ot titanlum(lV). a number of btruaureb 

have been postulated for tltamum hgdroltde preclpltatcd by hbdrolyslng solution> of 

iltaolum(IV) compounds’ L’ ’ 4 comprehen\l\e brudy of the fresh preclpltates” 

l Prebeol address In&lute of hleolal Subnormalltv Lra C’dAz Hosp~ul. Wol~crle~. hlddermm>kr. 
Wora Dt IO 3PP. Great Brttam 
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mdxated that the nt~o of hqdroxyl groups to tuamum reqalned constant at a value 
close to 2 1 for preclpltales kept under a laqer of mother hquor, but decreased to a 
oew constant ratlo (I I) after 15 days Hben the preclpltates were stored 10 air From 
these rebults, and those obtzuaed from I r spectroscopy ” whxh lodxated t5e presence 
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of cbams and the absence of any titamum-oxygen double bona&, it was concluded I3 

that fhe only bydroxlde precrprtated from aqueous tltamum~V> chlonde solutrons 
has the more thermodyoamlcally stable” structure 1 and not 2 Equations 1-3 show 
the la’tzd hydrolysis reacnon, the subsequent orutrahsauon reactlon wluch leads to 
precrprtaboo, and tbe decrease IQ the ratio of hydroxyl groups to tltamum from 2 I 

for the fresh prcclpltate (3) to 1 1 for the aged preclpltate (4), respectively 
Since water molecules become bound by polar IOLUC forces or partial covalent 

bonds to the tHanrum atoms of hydrous Wamum(W) oude to complete the octahedral 
co-ordmatlon, but are replaceable by other hgaads, It seemed hkeiy that the chelation 
of carbohydrates by hydrous btamum(IV) oxides could occur We now report on the 
adsorpbon of D-glucose and some polybacchandes by hydrous htamum(TV) eludes 
alone or as coatlogs on various supports A moredetaAed desmphon of the nature of 
hydrous utamum(IV) ovlde and IV, brndlng cbaractenstlcs has been reporfed’ 
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EXPERIMENTAL AND RESULTS 

Preparatron of sohds used m adsorption stlrd1e.s - (a) Hydrous t~farzrum(f V) 

o ud2 coated on cellulose 

T4elhrlose A A mlkture of titanrum chloride (N I596 w/v TICI, In 
15% w/v hydrochloric acid. B 0 H , 15 ml) and mlcrocrystalhne crllu’lobe (Type 19, 
Sigma Chemrcal Co Ltd , 1 5 g) was stirred to produce a uruform slurry. then aned 
as a thin layer ID an oben at 45” for 18 h, and ground to a powder 

;Tr-Cellulose B TI-Cellulose A Has washed with water until acid-free. and then 
suspended m water (25 ml) The amount of sold In the suspension was determlned by 
drymg an ahquot of the suspension In an oven at d5” for 18 h 

Tl-Cellulose C Thr: suspension contammg TKellulose B was dried in an oven 
at 45” fQr 18 h, and the resuitlng sohd was ground to a pohder 

T&elluloJe D Tltamum(IV) chloride solution (30 ml) was added to mxro- 
crystalhne cellulose (3 0 g) anci the suspenblon stlrred for 30 mln After removal of the 
supernatant solution, the sohd was dashed wrtil water until acra-free, dr:ed In an oven 
at 45” fl>r 18 h and ground to a powder 

Tl-Cellulose E Tiranlum(IV) chloride solutions (0 Z-15 ml) were diluted to 

IS ml -lth 15% bydrochlorlc acid and nc’ded to samples of mlcrocrystnlhne cellulose 
(I 5 g) These suspensions were stirred for 30 mm, and then neutrahsed to pH 7 0 
\\lth ammomum hydroulde solution (concentrated until pH 5 54 5, then M) The 
sobds Here collected washed with water (4 x 25 ml). dried rn an oven at 45” for 18 h, 
and ground to a powder 

Tr-C&ulose F Cellulose was treated as for the productlon of TI-Cellulose E 
(uslag undiluted tltamum(IV) chlonde solution), hut the supernatanr solution uas 
removed pnor to neutrah~atlon 

(6) Hydrous trtanrum(/V) o1lde.s Sample3 of hydrous Lltanrum(IV) oxldts, 
prepared by neutrall>lns tItaruum(IV) chlonde solution (15 ml) Hlth ammoruum 
hydroxide solution to pH 7 0 as previously described were washed with Hater 
(4 x 25 ml) and then suspended in water (25 ml) Thz\e suspensions were either used 

lmmelately, freeze-dried, or oven&led at 45” for 18 h The resultmg sohds were 
ground to powders 

Hydrous Ua?lum(IV) oude was also prepared by rransfernng tItaruum(rV) 
chlortde (Hopkm and Wllhams, 10~1) to stoppered tubes In a dry atmosphere, to 
mnunuse atmosphenc hydrolysis Water (1000 ~1) was added tbe solution neuuahsed 
with ammotucm hydrovlde solution (hi) by Wratlon to a known pH In the range 1 to 
9 and the sohd used Immedlatcly for adsorptlon studies 

(c) N~ciro~s t~~anrum(lV) oxide coat,d on mapnetw Iron olrde Magnetic Iron 
cade iFe,O,, Fisons, 40 mg) \\as treated ~lth t~tamum(lV) chloride (10~1 or 20 PI), 
followed by hydrolysis with water and neutrahsatlon to a known pH as described 

for the frehhly prepared hydrous tltaruum(IV) ovlde 
AnalJsrs of trtanurm compounds - The n1aruum was determlned by conversion 
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(mufl3e furnace, 700”, to constant height) Into tltamum(lV) &oxrde Hbdrous 
uianlum(IV) o.dde and cellulose, and a rtuxture of the two, were srmllarlq treated to 
ensure ihat complete converslon Into utamum(TV) dloxlde was obtamed with no 
rebiduP remalmog from the cellulose (Table I) The percentage of water III the “dry 
hydrous Utanrum(IV) ovldes was also estimated from the loss In nelght at 700” The 
resulting value IS the sum of adsorbed water molecules and \iater obtained by con- 
vertmg hydroxyl groups Into the anhvdrous htamum(lV) dloude 

T,\BLE I 

CALCINATION OF CELLULOSE AND HYDROLlS llTANlUM(IV) OXIDE 

Jnrtral rrcrglrt (g) 

00517 
00518 
OO~lb+O01,17 

F~nol u erghr (~1 

0001’ 
00-115 
0 o-133 

Adsorprton of <arboltJdrares onto Tt-Ceffttlose.s - Sample3 (25 mg) of TI- 
cellulose suspended III water (1000 ,uII or allquots of the suspensrons (500 111 diluted 
with 500~1 of water) were treated In duphcate nlth aqueous solubons (400~1 
I mg/ml) of D-&KOSC, g1~cogco (from Shellfish, type II, Sqma Chemical Co ), and 

starch ( V~scosol 240’ soluble starch, St Anne’s Board hltll Co Ltd , Bnslol) The 
suspenhlons Here surred ma_gnetlcally for I8 n at 20’, after wluch the supematant 
solutions were removed, and a>sa~ec! for carbohydrate by the c)stelne-sulphuncacld 

method” Control solutions iillrhout rheTKelluloseondcontrol suspensions wrtbout 
carbohydrate were used The results are ,ollen In Table II 

The effect of concentration of the carbohydrate on the adsorptlon ~‘3s studied 
b} usmg glycogen solur~ons (I 4 ml) IO the range O-10 mg/ml, and two solId from the 
TKelluJose E range (contamrng 4 5 and 21 I% of btamum) (Fig I) 

Adsorprton of carbolt] hares onro ft~drotts rttantttttt(/V) oxtdes - The adsorption 
of carbohydrates onto freeze-dned and oven-dned hydrous tltanlum(JV) ovldes was 
mbesugated as desznbed for the Tl-Cellulose The results are recorded In FIN I and 
Table HI No results could be obtalned for the prepared suspension of hydrous 
tltamum(lV) oxide, due to rts coUoldal nature after stirring with carbohydrate 
solution for I8 h 

For freshly prepared hydrous tItamum(lV) oude, after removal of the 
supemntant solution, aqueous glycogen (20 mg/mJ, 2000 ,ul) was added and after 
thorough nuvlng and centnfugatron, the supematant solution was removed and 
assayed for carbohydrate (Fig 2) 

A srmllar evperlment was performed with freshly prepared hydrous 
tltamum(IV) oude using carbohydrate soluuons (2000@) to hydrolyse the 
t&uuum(IV) chlonde In place of the water added pnor to q eutrahsatloo (Equation 1) 
Various ratios of t&n,um(IV) chloride to carbohydrate concentration (50 ~1, I mg 
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I-ABLE II 

ADSORPTION OF C4RBOHI DRAl-ES @\irO TI CELLULOSES 

9 - 160 ‘4 3 152 00 
I3 - I8 00 85 0 93 0 

C - 7-l I:, s9 5 89 0 

D - 365 00 00 0 0 
E ‘I I 0 43 I 99 3 53 7 

E 169 1 37 s 96 9 51 5 

E 45 2 -43 2 91 9 ‘4 0 

E 32 19 ‘02 Z-l6 20 id-i 9 40 34 5 I 4s 77 s 3 

E 21 86 6-I 31 3 91 
E IO 68 24 ‘4 4 I00 
E 07 68 -9 t?- 5 1-f 0 
E 00 2>?. 0 0 00 01 
F -_ 44 41 17 I 15 

Carbohsdrare concentral on or the wpcrnaiJnl of control ~uqxn~~oo~ (no t,arhoh>drJre clddcd) 
Thex \~IUCS were aken Inlo xcounl \\hen calculJllng the adsorptIon ofcnrboh}drair 

a 

\ \. 

0 

_-___ Mm_----me-____ _\t-_-__--a____ 

__\\_-__--_-_--- 

0 \ = 
0 

: B \\ 12 ‘4 

InlllzIl WC grt Gf g]&sy=n (7;)) 

Fig I EtTest 01 gl>copen concentraoa on the zdoorpilon of gljcogcn by hjdrou., tltxnlum(lV) 

oxides TI Crllulobe E (21 IuO TI) -(bQ-, TI-Celluloqe E (4 550 TI), 0 0 , oten-dried 
hydrous oude (21 3O0 nIrer), -C- IJ--. and trrsze-drwd h>drou= owde (18-1~. ~31s~) 
-6_-•_81- 
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TABLE III 

EFECI OF CARBOHYDRAm COYCEIUTRXTION OY THE ADSORPTION OF 
CA,?BOHYDR%T-ES q , OVEN DWED HI DROUS I-ITMWIJ~~(I-.‘) OXIDE 

Concrnm7rron 

(.wlmlJ 
D- Glucose Ptrc.SU Conccnrrtzlran Srarch Percent 
adsorption odsorbsd t&m0 adsorprrov adsorbed 
kY/W a/ 71) cw//ms of 71) 

14 65 71 2 65 73 902 
2’4 16 5 60 I 158 160 82 4 
300 25 3 65 G 196 24 z 1000 
373 24 3 52 9 328 38 0 93 I 

Fig 2 Efkt of fin11 pH of neutrahsabon of ~11~n1uru(1V) chlonde on the adsorpllon of gJycogen 
(10 m&ml III Hater, 2 ml) by the resuhanl hydrous t~tannunW) oxide Tttanwm(lVJ chlorrde (IO,4 
using HaLer hjdrolysls, + -_O-, trtanlum(l\‘) chlonde (lOpI) using glycogen solullon 
hydrolysis, -+-ll--_, hydrolu tltamurn(W) oxide-coated Iron oude (IO ~1 of TICL) USI ng water 
hydrolyns, --Q---W, hydmcs ~IKUNIITI(IV) oude-coated Iron ouuu’e (20 .uI oiTNX) using water 
hydrol\Ys, -0 - -0 and nydrou tliamum(lV) oudc-coatrd lmn owdr (lOpI oTTICL) using 
glycogen hydrolysis, 0 0 
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of glycogen/mr , 50~1 10 mg of glycogenjml, IO ~120 mg of glycogen/ml, and 
IO ~111 20 mg of D-glucose/ml) were used to saturate the hydrous tltaruum(IV) o\lde 
wth carbohydrate (FIN 3) Tl-\: adsorption of o-glucose was 0 09 mg/mg of htamum 

4a!sorphot1 of rarbolzydrates onlo hydrous r~ranrm(l~~) oude-coated nlagnerlc 

Iron on& - After remo& of the supernatanr solution. aabeous glycogeo (20 mgjml. 
2000 ~1) was added as described above, to the freshly prepared bbdrous Lltnnlum(lV) 

oude-coated magnetic iron ovldes and, after thorough mlunz, the cupernatant 
solution was assayed for carbohydrate content (FIN 2) 

A slmdar evpenment was performed wth rhe hydrous tltnm~m(iV) oude- 

coated Iron oxide prepared from 4Omg of magnetic Iron oxide and 1011 of tttamum(IV,) 
chloride, but uslug aqueous gljcogen (20 mg/ml, 2000 ~1) to hydrolyse the Qtamum(IV) 
chlonde (Equauon I) in place of the water I;nor to neutrahsabon (Fig 2) 

FIS 7 E&cl of final pH of neulrallsltlon of trtamum(lV) chloride on the adsorption 01 glycogen bv 
the reahant hydrous lltanwm(lV) oxrde usmg gJycogcn solui~on (2 0 ml) hydrolya TICL (50 ~1) 
and gl~cogcn (I mglml) + + , TICL (50~1) and gl>~~_ceo (IO mg/ml) --e--b- nnd TICI, 
(lOpI) and &cogen (3 m&ml), -E-PI- 
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DlSCUSSIOh 

In trtnnlum(N) chloride. the tltanlum atom\ are tetrshedrally co-ordlnated 

but hydroljsrs leads to compound3 that rn\ol\r: octahedral co-ordrnatlon Thr 

ltgands can be chlonne atoms (at ION pH, but lehs hhelj as the pH approache 

neutrahtI), \\arer molecules, or hjdrouyl-contauung compounds3 When irate1 

molecules act as Irgand3, a lone pair of Axirons from the oxygen co-ordinates to tht 

metal atom Thus situation IS more I~hel~ for tr3nsluon metals than binding solely bj 

the chpolar action of rsater molecules As rhe pH of the system rises.. removal of L 

proton from the water molecule leads to the formatIon of a covalent bond betbbeer 

the resulcrng hydrouyl group and the trtamum atom At high pH, all water molecule 
present as hpands will hake lost a proton to produce the tltanate aruon, but 111th tht 

coodltlons used In the system under Investigation the formation of rh~s anion IS no1 

fa\ oured 

Hjdrouyl-contalmng compounds act as hgands In a slmllar manner, bc 

appropnate formation of co-ordinate or covalent bonds Some gljcolb are bery 

&iclent hgands for transItIon metals replacing t\ko of the Ilgand pobltlo;Is to form 

ring compounds (chelates), If the glycol molecule ha> unfaiourablq arranged 

hydrouyl groups, only non-nng compound5 can be formed Titanium compound3 

hs\e been eutenll\ely used as cross-IrnLng agents for polymerrc pol\ols” ” The 

trtaruum atoms In the\e materrals are hexa-co-ordlnated, Ilnhrng INO or more chain:! 

Lla four covalent ana two co-ordinate bonds, and not by simple tranb n *errficatlon 

of tetrafunctional titanium’ ’ 2J #hen titanium compounds form complexes \iith 

carboh\drates, solvol~s~s of the tltsnlum-llgand bond paves tltamum-ouygen-rbpe 

bonds Cellulose has HO-2 and HO 3 ovalIable for chelate formation, but HO-6 can 

only partake In non-nng complex formation The TI-Celluloses can be conbldered as a 

range starting with t&m~um(IV) actlkatcd cellulose’ (TKcllulo>e A) and ending 

\\l’h hydrous tlmmum(IV) oude-coated cellulose (Tr-Celluloses E), \klth the Inter- 

mediate materials being considered as mcomplerelq coated celluloses Hence, uhen 
ntatuum(lV) chlonde IS moved ~lth cellulose and the acid, produced as a rebult of the 
hvdroltsls (Equaoon /), IS removed by evaporation (TI-Celluloses A, B, and C), 

\iasbrng (TI-Cellulose D) or neutrahsatlon 151th ammonia (Equatron Z), product3 are 

obtained v hlch can be rcprt>ented bv the schematlc structure (37 with relatl\etv 

more hydrous ntamum(lV) oklde tn the later preparations (pg Tt-Celluloses E) 
The mobt-advantageous method of prepsrafion of the Ptamum-cellulose 

mnt~r~als wa> io use ammonia neutrabsauon The Droducts (Tl-Celiuloces E) thus 

obtained neither decomposed III solution nor gave high ’ blanh values (Table II). 

provrded the titanturn content was 2 4 5% Marer~alsuith Jotter titanium content gave 

unacceptabl] hJgh “blank values”, probabl) due to there being Insufficlen: titanium 

avallable for cross-llnhog That cross-IlnhJng of the cellulose had occurred rn the 

formation ofT+Celluloses F was evident from the fact that cellulose rreated \\lth acid 

In the nbsence of tltamum (TKzllulo>e E, zero tltsnlum content) ,pa!e a hJgh ’ blanh 

value” (Table II), a phenomenon attributable to parhal hvdroiyarb of the cellulohe 
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When TI-Cellulose E mstznal\ and oven- end freex dned samples of hydrous 
Wamum(IV) oude k~esre mlwd wth solur~ons of glycogcn the poljsarchande itas 
completely adsorbed up to a mwn-,um for each solld u,ed, therestter, further 
Increase> In the Jrutlal concentration ot glycogen only resultea II-I a !xgher final con- 
centratIon after contact u~th the tttamum compound The relevant data are gl\en In 
Fogs l-3 and Table IV The htghebt Lglycogen adsorptIon values t‘or these dry materials 

wereetilblted by the Tl-Celluloses E Wnlun this scnes, a compan>on 1ia5 made under 
condltlons whrch ensured complete saturation by D-glucose wnp two dIKerent 
maten& (TI-CclIulo~e E 4 F’S, and 21 I Sb of TI), and 3 higher maw mum adsorpuon 
was obtained for the matenal t\lth the lo\ier titanium content The materlai hawng 
the loktest tnamum content (TI-Cellulose E, 0 7 “b ofT~) appeared to have the high& 
ma\Jmum adsorpbon (I 58 ms/mg of TI). hut the kgh “blank value made assess- 
ment under comparable condltJon> difficult The tugher mnumum adrorptlons 

TABLE IV 

~MX~WJ~~ AD>ORPTlObd OF CL\ COCEN BY HI DROUS TITAN1Uhl(tV) OXIDES AhD 

HI DROU> TITANlULl O’dDE-COATED CELLIJLO>C AhO MAGhE TIC 1ROh OXIDE 

-I-I Cellulose E (4 520 TI) 
TI Cetlulo~e E (II I”0 7-1) 

H>droub ~rxuumflW o’ldc (aen drlrd 21 TOO of \batcr) 
Hldroul tltullum(T\r) oxrdz (rreezc drwd IS -1” oi\\ater) 

Hbdrouz, rwmumtl\‘) oxldr. (\\ater h\drol).~b) 

Hydrous u~~n~urn(l~) owlc (glycogen solurion h}drol~~s) 

Hydrous ~~r~nlurn(l\‘) o .~dr~oa~cJ magnetic Iron owdc 

(IO pi ot TICI&) (\\ater hjdrol)al,) 

Hydroub utanium(lV) orl~dc coafcd masnruc Iron owde 
(20~11 OI TICI~) (atiler h>drol\sl>) 

Hldrou, tltantum(lI’) oxldc-coxed ma,cner~c Iron oxide 

(IO ~1 OI TICI,) (gl~cogen solution h}drolws) 

0 s2 
0 24 

00x 
0 03 
.l36 
8-W 

3 1’ 

2 61 

7 06 
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complete and permanent coverage of the matrrx The rncorporahon of magnehc iron 
ovlde unto hvdrous tltamum(IV) oude produces a support which retans the propeties 
of the bydrous ovlde whilst poshesstng advantageous propeties of recoverv and 
handling The adsorptIon of carbob>drntes from solution by these means IS to some 

exteo: analogoh> to the adhorptlon of polyaacchandes by po!yaromahc surfacesz5 
Hokcever the adsorptton by hydrous trtamum(lV) ovlde 15 less specific than thai by 
polyaromahc surfaces. ah D-glucose IS also adsorbed Accordmgly, It 15 enwsaged that 
the hvdrous tlta.mum(lV) owde wll be used for punficauo~ purposes by removal of 
carbohydrate contam!natlon, rather than the analyucal process of afimty chromato- 
graphy envisaged for the polyaromatlc burfaces 
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