
ON ·THE HYDROLYSIS OF CANESUG.AR IN PBESENCE OF ACID SOL 

BY T. B~ AliD B. Bn'l"l'A 

The study of the bl.811811118 of acJd. 101& OIL the velocity of bydrol,aia of ~ar baa revealed. tbM 
- are here ~ with & Bimult&Daoua reution. (a) the Javeralan of ~ in the homopaeou 
liquid pbaM by B+ icma prMBDt in that pbaae, and (II) the lnvenkm taJdna plue on the ......,._ or tbe 
Micl aola. Tbe velaoity of tbla llllllimd Nlllltloa m·-p:roportloD&I to tbe -v&tiim of the 'eoicl 11111. 

This :inve~tigation has .been undertaken to Btndy the itil.uenee of a.oid 11018 on 
hydl"Olyais·i>f o&nBBUg&r. 

EXPBBIMBNTA.L 

The 0011l'lle or invera.ion of suoroae whether by hydroohlorio aoid &loDe, or m preaenoe. 
or colloidal acids, baa been followed by mea.ne or a polarimeter of Schmldt and Haenicb 
type. The 9baervation tube was IIW'lOunded water-tight by"' meta.llio boz, oovered all 
over with asbestos board. Since the tuDgBtic acid sol waa found to be- reduced wlum. 
it came in contact with any metal, speoia.lly oopper, zin.O, tin, niokel, antimony, the ob
aerva.tion tube waa made of glass with oiroular plane pa.nllel pla.tes of glaaa, preeaed. water
tJght against the polished ends or the tube by mea.tl8 of IIVMW·c&p8. The length of the tube 
uaed Ia I dcm. The temperature ¢the box 81UTOUJldhJg the obeervation tube wa.a kept 
oonatant within 0.1,; throughout the experiment by oiroula.ting water by means of a pump 
from an el~y hea11ed thermoata.t. The BOUrCe of ligll.t used is a aodi~ lamp mppUed 
by Zelllll whioh is made spectroBoopioally homogeneoua by p&o~~Bint.it through a potaaalum 
dichromate 1Uter. 

All the ohemioala used in the preaent investigation were of high grade of purity, either 
Her!*'a or Ka.hlbaum'• reagenta. 

A mixture of z o.o. of sodium tungata.te ol deflni.te atrength (aay 0.1 .M) and :,; o.o. 
of HOI of definite atrength (aa.y 0.2N), kept for sometime to ensure the formation ol aOI, 
wa.a mixed with 2z o.c. of BUoroae solution ol definite strength (iay 20% solution). The 
fl• of thia mixture wa.a then determined by uaing a quiohydrone electrode : the hyctrogm 
e1ecrtrode oould not be uaed, as it has been found that the tungatio acid aol ia reduced by 
hydrogen gaa. The 10lution ol hydrochloric acid (2:r: o.o.}, whioh together with 2z o.c. of 
the II&IDe auga.r aolution will give e:motly the aa.me 2'w a.a the above mizture (of HCI, auCII'Oie 
and colloidal aoid), was prepared by• repeated triaJ. 

The obeern.tion tube (rather the boz: II1U'I'OUildiDg it) waa kept in place and t.he boz 
waa ra.iaed-to the de8ired temperature by paaaiDg water from the thermoatat, the oiroulat;lon 
of water having been eo a.tiafaotOrUy regulated that the temperature remained OODitaD.t 
within 0.1 ". The ciroulation W1I.B stopped for a minute and the obaervation tube wu 
quiokly filled· with the reaction mixture. The temperature of the reaotiora mixture waa 

:raiaed to that of the bath before it waa introduced into the obaern.tion tube. The water 
wa.a oircnla.ted ap.iD and when the temperature became oonata.at, P.'larimetri.O readinp 
-wen ~ at intervale. The 8Dal Tellding was t.a.ken after paaaing water at a. atill higher 
temperaW!e for aome houn to enallre oomplete ....ation a.nd then ma.lntainiiiJ. the ayatam 
a.t tbe temperature at whioh the reaotion had been atudiecl until tlley beeama OODitlat. 



T. BANBBJBB AND B. BBATTA 

....... ~PleaAJar nloalty OCIII8t&Dt Will aalcralated ~.to the ......... ~ 

t-1.3/I.·Jo,,,(.:A1-.A)-IoJot(4.-.d) ·•· (I) 

~ .d,=tbe iDHdal augle of rotation, 
....... the ancle of rota.Uoa. at tbe time •· 
~-the 8pal angle of ~qta,tlQD, an4 

'•""'time wldah hu elapaed ldDoe tbe l'MOtkm ~· 

Tbe hydaol,- aqaimena luld to be oanied out at oo~ ud 70• u ot.benrille 1br 
the p. oftbe 11J*m U88d (between 2 aocl3), the velooit;y beoomea too uaaU to he.Dl8UU1'8d 
witbiD reiiiiODAble time Jntenala. 

T.tBLII I 

I•~ of P• 011 91f'OlsrN oJIO% .ftlllrOIIII ...,._, 

(•) with lla - 70". 

1.01 Ld !.19 
0.0171 .008311 O.OOJM 

T~II 

(&) wilh BO+O.IIJI hDpUa llllid u70". 

1.011 1.41 1.11 
0.01011 O.OOU'I O.OOMII 

(ajiUJ~M NaCI m&iytlrol,... o/.5% n.crrMe .tOivUDR. 

, .. uao• 
~Etu70" 

CoDo.ofH.cl 
0 
2.UJ4 
0.00111 

OASJI 
t.d 
0.00111 

The a&lt. effeafi due to tbe preaenoe of IIOdium ohloride when ~o aaid eolia formed 
by the IMlclit.ion of hydroabloqa acid to ~e BOdium tuDgata.&e hu been fOUDd to be aesJip"bbe 
for ,. Mit OQiloentratiqn of O.o:N.JJI (ttle amount fOJ'IIll!d from O.OI&Jl ~mp ~te, 
~rdinl t.Q the '"!up.t.iOQ 4Na1 WO. +6HCI~a10, 4WOa +6NaC1+3H.O) as will 
liD liNin from tlae tablf,. 

T.tBLBW 

'I'• a&IO". iJ wit.b BCI (comp. 
1111 in Table Ia). 

1:1 Wi~ tunpt.ie IICid 
(romp. u in Table 16) 

%Di& 

t.OII 0.01710 0.02021 14.1 
i.41 0.00835 o.oob7 14.1 
1.98 O.OOlM 0.0024.5 as.o 

It i-! obvious from Table m that the pnwence of tungatic acid aol appreciably enh"'"''' 
the velocity of hydrol:pis &nd the rela.tive enba.noement beoomee peater, t.he greater Ute 
p. of the aptem. other faoton remaining the II&ID.e. 

~e P• ~ the reaction mirlure remained oonat&nt. thlougbout the uperimeatll, 
8 hOIUB beiaJ ~ muimum time taken. The p. also did not chaoga em beat 1ireMIMat 
of the aolucicm to -. tem:peT&tqre of 70° and aootmc apln to 30". 
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TABLB IV 

,.. u 30". Tlmlp. (a) Wi~ HCI (fl) . W"ath IIOIMd O.OIUf ....... ....... 
~· 

.l:(t"+lli't ...,. i(l" +10") 

•• '· 
(a) 1.116 ao· 0.0063« 2.71 0.007&1 S.71" 

lUllS 70 0.01720 0.010!3 

(&) I.C-1 110 0.00298 lUIS o.ooaoc 1,71 
I.C-ll TO 0.006311 0.00617 

It will be -n that the temperature ooelli.oient of the veloapy ClODStant of hydrolJids 
u the sa.me in hydl'OObloric acid solution or in "tungatio acid sol andhydorcblorio 
acid mixture. 

T.&.BLJI v 

lfljZw:rii:IJ o.f '""'"'ic add ~· 
Temp.-30. p 11 -li.CI. Clona. of -=11%-

Tullptat.a cana. (M) .•• 0.111 0.05 0.071 
'· at so· ... 0.00800 0.009111 0.01081 

TePlp.-70". 

CaDo.of111111n11111. 

lO.W ... 
liO 

T.&.BLB VI 

Como. 'Of NallilicUe=O.I.M. CoDe. of Ba-0.1811M. 
pu at 30"=1.011. 

~ with HCl (alone). .1:1 with HCltl:llilieio 
acid lllinaN. 

•.• 0.00489 0.00811 
... o.ooa1e o.oosa 

Ul.t 
lt.l 

As the sol oonoentl'a.tion inorea.aes, the velocity oona.t.a.Dt. of hydlolyaia in~. Fig. 1 
lhoWB tb&t. if the value of i 1 u obtained by enrapola.tion for- :181"0 oonoea.tzation of tuDfptio 
a.cl.d sol, we get the value 0.00640 which ill practically the mooity OODBteDt obaarved. 
(0.00636) with pure hydrochloric aoid a.t p,. 2 . .-2. 

Fla. 1 
o.n / 1-

0.010 .--
....... 1/ 
/ 

_,.,..-
./: 

v -
o.ooe 

l O.Ooa 

v 
-.... v 0.007 

-
0.0111 0.06 0.071 
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It ia thWl clear that we a.re dealing with •.wo independent velocities, one due to hydro
ohlorio acid iD homogeneous solution of p,. 2.42 and the other due to the presence of 
tUDptio acid .01 particles iD the medium. The IIW"fa.ce area. of the sol particle ma.y be 
considered to be proportional to the concentration of the sol, if the pa.rtioles a.re ofunifonn 
size and the increased velocity must be ascribed to the hydrolysis of ca.neauga.r on tha 
surface of the sol. Thus we ha.ve, 

where tb:frll is the observed change. 
rlt;0 fd.t is the change due to H+ in the homogeneous solution and ck,ftll is t.b., 

chauge due to the reaction on the aurfa.ce of tungetio acid sol. 
ApiD 

or 

where 8=-surfaoe of tUDgstio acid aol and O=eono. of sucrose. 

The observed unimoleoula.r velocity constant minus the velocity collllt&Dt due to 
hydrolyaia by HCI alone for the same p: should therefore be proportional to the oon
oentration of tUJ1811tiO acid aol in the medium, which ia a.otua.lly found to be the Cl88. 

DIBOITSBIOlll" 

Weigner (J. Boc. Olaem. lwl., 1931, SO, ll<n') hu compared the concentrations of 
hydrogen ions in suspensions of a.cid clay, tungsten trios:ide (aged), ailica., etc. potentio
metrica.lly and inveraometrioaUy. With suspensions of tungsten oxide (aged) and silica, 

.he reported the following da.ta :-

D'~~-· 

8llioa 
Tullp&ea ozide (apd) oBfrU)ated ~ 
8iiiBa 

o.• iD.veno:metrioalJ7 
-------xloo. 
o.• poteatlometdoaiiT 
IUI.5 
114.,. 

1.41 

He pointed oat that Ule cWFerencea in the a.bove ratio observed with UDooagala.ted 
nepell8ion of taDgsten ozlde and silica. were not great. Our es:perimenta have llhown 
that the di&'ereuoe observed by Weigner with auapenaiona of tungsten o:dde a.nd liliaa, 
though nOt great, wu deliDite and have quantitatively corroborated the ftndmga ofWeigner. 

-It ha.a &lao been shown that we are here dea.liug with a. simultaneous ohemioa.I reac
tion, (ca) the inversion of oaneaugar in the homogeneoualiqaid phase by the H• ions preaent 
in th&f; pha.ae. &Dd (6) the inversion taking place on the aurfa.oe of the sol pa.rtiolea due to 
the iDflaenoe of the H+ iona attaohed. to that aarfaoe on the oaneanga.r molecules which 
have dilfuaed into that imrfa.oe. The velooit:y of this· second rea.ction ia proportional to 
the oonoentration of taogatto acid sol. 

"--'"w-&~~ 
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