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403. Investigutions on the Configuration of Caybohydrates b!y Conductivity 
Measurements in Boric Acid Solution. 

By H. T. MACPHEISON and E. G. V. YEHCIVAL. 
Bocseken’s conclusions on the configuration of a- and p-d-glucose are confirmed, 

since conductivity and viscosity experiments with glucose, a-methylglucoside, and 
various methylated glucose derivatives make i t  clear that  the only hydroxyl groups 
in glucose having any effect on the conductivity of a boric acid solution are those on 
C, and C,. By using 3 : 4 : 6-trimethyl a-mannopyranose, the configuration is shown 
to be Iruns- with rcspect to  the hydroxyl groups on C ,  and C,, in contradistinction to  
Boeseken’s results for (3-mannose. 

A striking elevation of conductivity is found for a-mcthylmannofuranoside, which 
is attributed to the orientation of the hydroxyl groups, four being situated in close 
proximity to  one another ; y-methylglucoside, where three hydroxyl groups are close 
t o  one another, gives a lower elevation, and 7-methylgalactoside a depression. Thc 
behaviour of a-2-sorbose appears to  be anomalous. 

IN a series of papers during 25 years Boesekcn and his co-workers developed a method 
by means of which the structure of a-d-glucose was indicated to be of the cis-configuration 
with reference to the hydroxyl groups on C, and C,. This conclusion was derived from 
the fact that  a-glucosc exhibited a higher conductivity than p-glucose in boric acid, and 
also that during mutarotation the conductivity of the a-glucose-boric acid solution fell, 
and that of the p-glucose-boric acid rose, to an intermediate equilibrium value (Ber., 
1913, 46, 2612). From these facts Boeseken considered that complex formation occurred 
between boric acid and the hydroxyl residues on C, and C, in the case of a-glucose but 
not p-glucose. Although other methods of determining configuration, such as optical 
calculations (Freudenberg, Helferich, and Winkler, 2. Physiol. Chew., 1932, 209, 270), 
X-ray studies (Cox et al., J., 1032, 138, et scq.), and methods depending on differences of 
reactivity (Micheel and Micheel, Ber., 1930, 63, 386; Vavon, Bull. SOC. chim., 1931, 49, 
997, loll) ,  have been elaborated, it seemed to us that  this elegant method, if substantiated, 
might be of service particularly with regard to thc structurc of dissolved molecules. 

It must be borne in mind, however, that in a molecule such as glucose with five free 
hydroxyl groups, other possibilities of combination with boric acid exist. Irvine and 
Steele (J., 1915, 107, 1221) recognised this and examined methylatcd glucoses, and on the 
basis of a considerable elevation in conductivity following an initial depression for 
tetramethyl glucopyranose and an elevation for tetramethyl methylglucoside in boric acid 



Carbohydrates by Conductivity Measurements i q a  Boric Acid Solution. 192.1 

solution, concluded that thc oxygen atom of the ring combined with water to form an 
oxonium hydrate, which in turn formcd a complcx, together with thc liydroxyl group on 
C,, with boric acid. Boeseken and Couvert (Rec. trav. chim., 1921, 40, 354) repeated this 
work on purer specimens and found that, instead of the rapid increase of conductivity 
in boric acid solution, the initial dcpression underwent little change. We have now con- 
firmed this result and extended i t  to a-methylglucopyranoside, 2 : 3 : 6-trimethyl 
glucopyranose, 2 : 3 : 6-trimethyl methylglucopyranoside, and sucrose. In  all these cases 
diminution of conductivity below the sum of the values for the sugar derivative alone 
and of the boric acid solution was observed with no appreciable increase on standing. 
Viscosity determinations indicated that the observed depression ran parallel to the 
relative viscosity, so the diminution in conductivity was not anomalous. Incidentally, 
i t  was shown that Einstein’s equation ( A n n .  Physik, 1906, 19, 280), according to which 
viscosity is a function of the volume of the dissolvcd phase for approximately spherical 
molecules, was obeyed by these substances. 

I t  is clear, thcreforc, not only that the ring oxygen atom, whether in a pyranose or a 
furanose sugar, has no effcct on the conductivity of a boric acid solution, but also that in 
the case of glucose, the only hydroxyl groups having a positive effect are those on C, and 
C,. No increase in conductivity is observed unless both these hydroxyl groups are 
unsubstituted and in the cis-position to one another. 

Although the change in conductivity during the mutarotation of glucose is explained, 
i t  is to be noted that a-methylglucoside depresses the conductivity of boric acid solution; 
p-glucosc in boric acid soIution, however, gives, not the expected depression, but an 
initial elevation of the same order as the difference between the initial conductivities of 
the a- and the p-glucose. I t  may be that this initial conductivity is due to the presence 
in solution of a small amount of a straight-chain aldehydic form, possibly present as the 
aldehydrol. Straight-chain polyhydroxy-compounds such as dulcitol and sorbitol have a 
strongly positive effect on the conductivity of boric acid solution (ca. 600 x mho* 
in M/Z-solution), and it was found that glucose diethylmercaptal also had a strong 
positive effect (176 in M/10-SOhtiOn). 

The case of mannose is of intcrest since the earlier conductivity results indicate 
p-d-mannose to be a tram-form on the basis of a rise in conductivity during mutarotation, 
contrary to the acceptcd views for the configuration of this sugar. This case is compli- 
cated by the difficulty of securing p-mannose sufficiently pure for conductivity 
determinations, although our result for p-mannose is opposed to that of Boeseken and 
Couvcrt (Rec. Irav. clzim., 1921, 40, 370) in that  we found a fall in conductivity. This 
result was supported, however, by using 3 : 4 : 6-trimethyl a-d-mannose (Bott, Haworth, 
and Hirst, J., 1930, 1395), in which any possibility of combination with boric acid at 
positions other than those under investigation is precluded. An initial depression was 
observed, in harmony with the results for the methylated glucose derivatives, and in 
agreement with viscosity determinations, but this depression gradually became less, 
parallel with the mutarotation, which a t  once confirms our observation on p-mannose 
and agrees with the present conception of the structure of this sugar. I t  is noteworthy 
that the change in conductivity is relatively small (this depends on the proportion of a- 
and p-forms a t  equilibrium) and that the relativcly high initial value as found for 
p-glucose is absent. 

a-Z-Rhamnose suffered an elcvation of conductivity during mutarotation, which 
agrees with thc view that the hydroxyl groups on C, and C, are trans-. 

Striking results were obtained with furanosides : y-methylgalactoside (I) showed a 
depression of conductivity (12 gemmhos) (cf. a-methylglucopyranoside) , but y-methyl- 
glucoside (11) gave an elevation of 110 and a-methylmannofuranoside (111) an elevation 
of 3350. The result for the galactofuranoside 
reveals that the *CH(OH)*CH,*OH group alone has no positive influence on the con- 
ductivity in this case. By comparison with ethylene glycol, which shows a depression, 
this is only to be expcctcd, since this group, being a side chain, is permitted complete 

* All conductivities are subsequently given in terms of 10-8 mho. 

(These results are for M/Z-solutions.) 
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freedom as to the relative positions of the hydroxyl groups, which will naturally incline 
to repel one another. 

An examination of models, however, reveals that the glucofuranoside has a hydroxyl 
group in close proximity to  the CH(OH)*CH,-OH group, giving three hydroxyl residues 
near to  one another. For the a-methylmannofuranoside we have two hydroxyl groups 
within easy reach of the CH(OH)=CH,.OH group and on the same side of the ring plane. 

HO-CH, 

OMC I H OH H l- OMe 
HO*CH, H OH H H  

(1.) (11.) (111.) 

We thus have four hydroxyl groups as in erythritol, but here there is much less freedom 
of movement. In  this case there is an accumulation of hydroxyl groups but the 
conditions are so complex that i t  is not yet possible to advance any definite hypothesis 
to account for the increase in conductivity. 

Comparable with the elevation given by a-methylmannofuranoside is that of a 
a-Z-sorbose, viz., 2159 gemmhos in M/2-solution (cf. Boeseken and Leefers, Rec. trav. chim., 
1935, 54, 865, who found 230 for M/lO-solution). P-&Fructose also gives a considerable 
elevation (703 in ~/2-solution), but an examination of the ring structures for these 
ketoses fails to reveal the reason for the great difference between them. The fact that 
sorbose does not mutarotate might suggest that this sugar exists in solution in the 
keto-form, but other evidence does not favour such a view, and the question must be 
postponed for further study. 

Rotation experiments have been carried out on a- and p-d-glucose, 3 : 4 : 6-trimethyl 
a-mannose, and a-methylmannofuranoside in both aqueous and boric acid solutions. No 
differences either in the equilibrium values or in the velocity of mutarotation were 
observed. 

Consideration of the results for glycol, glycerol, erythritol, dulcitol, ap-propylene 
glycol, and triethylene glycol shows that there is no very considerable increase in the 
conductivity of boric acid solution until four hydroxyl groups are present. Boeseken 
(Rec. Irav. chim., 1915, 34, 96) showed that for pentaerythritol the elevation was about 
6 times that observed for erythritol, and this appears to be clue to the more rigid 
tetrahedral structure present in the former compound. 

There has been some conflict of opinion as to whether or not the conductivity effects 
of polyhydroxy-compounds with boric acid are dependent on the formation of complexes 
(IV), as first proposed by van’t Hoff, and since adopted by Boeseken and his co-workers. 
The extensive literature includes papers by Kolthoff (Kec. trav. chim., 1925, 44, 975), 
Bancroft and Davis ( J .  Physical Chem., 1930, a, 2479), Henderson and Prentice (J., 1902, 
81, @8), Darmois ( J .  Chim. physique, 1926, 23, 130, 649), Burgess and Hunter (J., 1929, 
2838), Boeseken and Vermaas ( J .  Physical Chem., 1931, 35, 1477), Hermans (2. anorg. 
Chem., 1925, 142, 83), and many others. The objections raised are chiefly based on the 
inability to isolate such complexes in the solid state from the highly conducting aqueous 
solutions. Nevertheless, Lowry (J., 1929, 2853) described a borotartaric acid, Hermans 

- 
-c-o>B*OH [ R?-o>B<oHIH R--C-0 OH [ -IC-C-O R-F-O>B<”-C-R]H 0-C-R =c-0 

W.) (V.1 (\I.) 

(Zoc. cit.) a disalicylboric acid, and Brig1 and Griiner (AnnuZen, 1832, 495, 60) a glucose 
diboric acid, although special conditions have to be used for the isolation of such 
derivatives. Hermans (Zoc. cit.) and Boeseken and Vermaas (Zoc. cit.) have suggested that 
the dissociable complexes may possess structures of the type (V) or (VI), according as 
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one or two molecules of the hydroxy-compound arc involved. In aqueous solutioii , 
however, it  seems unreasonable that definite anhydrides such as this should be formed, 
and it is much inore probable that the cyclic structure containing the boron atom is 
formed by a co-ordination process. Any such hypothesis must account for the incrcasc 
in conductivity. By a mechanism analogous to  the formation of BF,,NH,, boric acid 

may react with water to form the necessarily weak acid H[B(OH),]. I f  then thc 
hydroxyl groups become associated with hydrogen atoms of the organic hydroxyl residue 
by means of hydroxyl bonds (Bcrnal and Megaw, PYOC. Roy. Soc., 1933, 151, A ,  384), 
which have recently been shown to be present in pentaerythritol (Llewellyn, Cox, and 
Goodwin, this vol., p. 883), it  follows that as the niimber of these hydroxyl bonds around 
the boric acid is increased the negative charge on the central boron atom will be decreased, 
thus increasing the ease with which the hydrogen ion may be lost. 

Examination of the results for a-&galactose and a-methylgalactopyranoside suggests 
that the cis-hydroxyl groups a t  C, and, C,, by comparison with cc-methylglucoside, have 
no (or, in the latter case only a slight) effect on the conductivity of boric acid solution. 
Uocseken (Rec .  trav. chim., 1921, 40, 558) showed that whereas cis-cyclopentane-1 : 2-diol 
gave a marked increase in conductivity, yet cis-cydohexane-1 : 2-diol gave a decrease. 
This can be understood when i t  is considered that the cydopentane ring is flat and the 
liydroxyl groups are in the same plane, but if the cyczohexane ring is strainless, then the 
adoption of one or other of the Sachse-Mohr forms results in changes of the relative 
positions of both cis- and trans-hydroxyl groups and the alteration of conformation may 
perhaps accoiint for the altered behaviour with boric acid. This can easily be seen by 
reference to models, and it is hoped that further investigation will lead to information 
on the conformation of the pyranose ring in solution. 

4 -  

Ex PER I MENTAL. 

C'o,sduct iuity En.j-)eriitzeuls. 

Pyrex-glass conductivity vessel was specially constructcd so tha t  less than 1 C.C. of 
solution sufficed t o  covcr thc plates; thc Polished platinum clcctrodes were carried by the 
ground-in stopper, contact with the atrnospherc being thereby excluded. Platinised plates 
were less satisfactory than polished platinum, which gave a sharp minimum for the solutions 
of low conductivity investigatctl in thcsc experiments. The bridge, which was calibratccl 
before use, was of the cylindrical typc, wound with 3.6 in. of wire and divided into 1000 equal 
divisions, readings being taken to  0.25 of a scale division. A small induction coil and telephone 
were used in the usual manner in conjunction with standard variable resistances. The cell 
constant (0.4378) was determined with s /SO-potassium chloride in conjunction with platinised 
clcctrodes, and with N /500-potassium chloridc with the polished electrodes ; thc  conductivity 
water used throughout had a specific conductivity of 2 x A larger ccll of the same 
typc (capacity 2 c.c.) was employed in cxpcriments wherc relatively large quantities of pure 
matcrial wcrc available. Thc mcasurcmcnts wcrc carricd out a t  25O& 0.01", the solutions being 
made up with watcr at this temperature; the same apparatus was used throughout, so the 
results arc strictly comparable. l'roni considerations of space, complete lists of the readings 

not included, but readings of the variation in conductivity at 6- and 10-minute intcrvals 
(unless the rcading rcmaincd constant) wcre taken in all cascs. K ~ ,  K * ,  and K~ refer respectivcly 
to  thc conductivity (in gemmhos) of an ni/2-aciucous solution of the sugar or sugar dcrivative 
conccrncd, of the M/B-boric acid solution cmploycd, and of a solution in ni/2-boric acid of the 
sugar or sugar derivative at the samc concentration. 

or-d-Glucose.-cx-d-Glucosc was prepared according t o  Hudson and Dale ( J .  11 nzev. Clzeiiz. 
Soc., 1917, 39, 322). The specific concluctivity was rcduccd by grintling with pyritline at room 
temperaturc, filtration, and precipitation and washing with alcohol. Solvent was finally 
removed in a vacuum a t  40" : [z]:' 4- 106" i n  water (c ,  3.0) (after r! mins.). 

Time (Inins.) .... .. 6 30 GO 80 100 120 

mho. 

K~ = 11.5; /c2 = 27.6. 

KJ ...........*... f .  * !)6'3 89.8 86.0 84.7 83.8 83.3 (constant value). 
E'leoation of conduclzvily : 69.4 (initial value; by extrapolation) ; 44.2 (final value). 
6 1  
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P-d-Glucose.-P-d-Glucose, yrcpared by Behrcnd's method ( A  m n l e n ,  1907, 353, 107), was 

well washed with alcohol t o  remove pyridinc, and the solvent rcmoved as beforc : [a]',"" + 19.5" 
in water (c,  1.0) (aftcr 3 mins.). 

Time (mins.) ...... 12 20 30 60 80 100 
K3 .................. 66.6 68.3 70.0 73.1 74.1 75.0 (constant value). 

K1 = 8.5; K2 = 28.0. 

Elevation of conductivily : 26.5 (initial value ; by extrptn.) : 38-5 (final value). 

I t  will be notcd that a "'"Tcrencc cxists betwccn the final values-exprcssed as  elcvations 
of conductivity-for a- an- ?-glucose. Bijesckcn (Zoc. cit.) also found this t o  be the case. 
The same '' gap " was found to occur if tlic a- and P-glucose solutions were allowed to come t o  
equilibrium before the addition of boric acid. 

a-d-Galactose 
and after being 
3 mins.). 

.-Kerfoot's " purc " galactose was found to be almost entirely a-&galactose, 
washcd with 90% ethyl alcohol i t  gavc [a]?" + 137.8" in water (c, 1.3) (after 

K1 = 23.3; K2 = 27.9. 
Time (mins.) ...... 10 40 60 I00 
Kg .................. 78.4 74.4 73.1 72.2 (constant value). 

Elevation of conductivity : 20.6 (initial ; by extrptn.) ; 21.0 (final). 

P-d-Mannose.-In aqucous solu tioii six samplcs of mannose had a high conductivity, not 
reduced by recrystallisation : [ a ] F  - 17.0" in  watcr (c, 3.0) (initial value), + 14.8" (final 
value). 

K l  == 78-2;  K2 = 28.0. 
Time (mins.) ...... 7 1 5 30 5.0 
Kg ................... 105.8 104.9 104.1 103.8 (constant value). 

Elevation of conductivity : 0.4 (initial; by extrptn.); - 2.4 (final). 

ot-l-Rham?zose.-Specimen from B.D.H. of high purity : [a]ha" - 6.8" in watcr (c, 1.0) (after 
3 mins.) ; + 9.0" (final value). 

K l  = 5 .2 ;  K2 = 29.0. 
Time (mins.) .................. 5 100 

................................. 41.8 46.1 (constant value). 
Elevation of conductivity : 7.6 (initial; by extrptn.) ; 11.0 (final). 

Szfcrose.-[a)2,0" + 66.4" in watcr (c, 3.0). 

K~ = 7.8 ; K~ = 28.9 ; K~ = 27.2. Depression of conductivity : 9.5 (constant value). 

a-~ethyZgZzicop~ru~zoside.--This was prepared according to Patterson and Robertson ( J  ., 
1029, 300), and after 5 rccrystallisations from absolute alcohol had m. p. l(i7", [a]r + 159" 
in water (c, 3.0) (l7ound : OMe, 16.4. Calc. for C,H,,O, : OMe, 16.0%). 

K ]  = 3.9;  K, = 27.9; K~ = 22-5. Depression of conductivity: 9.3. 

a - ~ l Z e l l ~ y l g a l a c t o ~ y ~ ~ ~ z ~ ~ i ~ e . - P r e p a r c d  as abovc, this had In. p. 116', [a]r + 179" in watcr 
(c, 1.0) (Found : OMe, 15.9. Calc. for C,Hl,O, : OMc, 1 6 4 % ) .  

K *  = 12.9; K~ = 27.9; K~ = 36.8. Depression of conductivity: 4.0. 

2 : 3 : 4 : 6-'1'etmnzethyl GZzicose.-This sugar was prcparcd by thc mcthod of West and 
Holdcn ( J .  Amer. Chem. SOC., 1934, 56, 930) and recrystallisation from light petroleum gavc a 
product, m. p. 85-88" (Found : OiMe, 51.5. Calc. for C l o l 1 2 0 0 ~  : OMc, 62 .6%);  K~ = 50. 
By 5 distillations at 135" (bath temp.)/0.03 mm., a spccimcn o f  thc glucopyranose was 
secured with m. p. 72", [a]","' + 70.3" in water (c, 0.5) --+ + 79.8" (constant value). 

K~ = 7 .0 ;  K~ = 27.9;  K~ = 20.8. Depression of conductivity: 14.1. 

'I'elranaethyl MetJiylgliico~yrtl?2osidc.--Wcst and Holdcn's mcthod (loc. cit.) was employed, 
and the syrup distilled twice at S5"/0.04 mm. with a fractionating column ; 9 2 r  1.4465 (Found : 
OMe, 60.5. Calc. for C,,H,,O, : Ohle, 62.0%). 

K ]  = 12.2; K~ = 27.6; K~ = 21.6. Depression of conductivity: 18-3. 
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2 : 3 : 6-Trimethyl Methy1gZucopyranoside.-Starch was methylatcd according to  Haworth, 
Hirst, and Wcbb (J., 1928, 2681) until the mcthosyl content reached 44%. Hydrolysis by 
the method of Baird, Haworth, and Hirst (J., 1936, 1201) yielded a mixturc of tri- and tetra- 
methyl methylglucosides which were fractionated in a $igh vacuum, the first runnings being 
rejected. Calc. for ClOH2,O, : 
OMe, 52.5%). 

A colourless syrup, fiF 1.4650, was obtained (Found : OMe, 51.5. 

K ,  = 14-1; K~ = 27.6; K~ = 25.5. Depression of conductivity: 16.2. 

2 : 3 : 6-Trimethyl Glztcofiyrunose.-Hydrolysis of the corresponding methylglucoside by 
means of aqueous hydrochloric acid, followcd by isolation in the usual way, yieldcd the sugar, 
after recrystallisation from ether, of m. p. 117" : [ u ] r  + 66" in water (c, 1.4) (final value) 
(Found : OMc, 40.5. Calc. for CoHl,O, : OMe, 41.8%). 

K~ = 10.4; K~ = 27.9; K~ = 28.8. Depression of conductivity: 9.5. 

3 : 4 : 6-Trinzethyl a-d-Mannose.-Bott, Haworth, and Hirst's method (loc. cil.) was used. 
Care was necessary to  keep the intermediate " y I'-tetra-acetyl methylmannoside from 
bccoming even faintly acid, the addition of sodium bicarbonate being necessary to prevent 
this. The product (lcound : C, 48.5; H, 8.1; OMe, 41.0. Calc. for CoHl8O, : C ,  48.7; H, 
8.1 ; OMe, 41.8O/,) had m. p. 104", [a]" + 22" in water (c, 0.6) (initial value) falling to + 8.3" 
(constant value). The same results werc obtained in boric acid solution. 

K 1  = 18.0; K2 = 27.0. 
Time (mins.) ...... 6 15 20 40 60 80 
us .................. 34.8 36.4 37.2 39.4 40.3 40.0 (equilibrium value) 

Depression of conductivity : 12.1 (initial), 4.1 (final). 

Glucose L>zethylnzercnfitul.-~lie product obtained by Fischcr's method (Ber., 1894, 27, 673) 
was recrystallised repeatedly from water ; m. p. 128". 

K~ = 11.7; K~ -- 5.1 ; K~ = 193.0. Elevntiou of coiiductivity : 176.2. 

Ethylene Glycol.-K, = 4.8; K~ = 30.0; K~ = 27.1. 

G ~ ~ c c Y o ~ . - K ,  = 7.2; K~ = 30.0; K~ = 45.3. 

ufLPropylene  glycol.-^, = 16.2 ; K~ = 30.0 ; K~ = 33.5. 

Triethylene Glycol.-+, = 7.6; K~ = 30.0; K~ = 23.1. 

l~rythitoZ.-Kl = 25.0 ; K~ = 30-0 ; K~ = 97.0. 

Duicitol.--K, = 35.9; K~ = 30.0; K~ = 660. 

Man?zitol.-tc, = 12.3; K~ = 29.0; K~ = 667.3. 

y-Methyl~liicoside.-l;ischer's method (Uer. ,  1914, 47, 1984) was employed, and the product 
when distilled a t  220" (bath temp.)/0.04 mm. had no action on Fchling's solution; [ u ] F  - 14" 
in water (c, 5.0) (Found : OMc, 15.8. Calc. for C,Hl,O, : OMe, 16.0%). 

Elevation of coizdzictzvity : 111.3. 

Depression of coizdzictivity : 7.7, 

Elevation of condzictivity : 8-1. 

Depressiosz of conductivity : 12.7. 

Depression of conductivity : 14.5. 

Elevatiox of condzictivity : 42.0. 

Elevation of coizdzictivity : 594. 

Elevation of condztctivily : 626. 

K~ = 15.0; K~ = 30.0; K~ = 15G.3. 

y-~ethylg.alnctoside.-Tlie method of Haworth, Ruell, and Wcstgarth (J., 1924, 125, 2468) 
gave a non-reducing syrup, [u]&~" - 57.6" in water (c, 2.3) (Found : OMe, 15.1%). Com- 
parison of the rate of hydrolysis in N/lO-hydrochloric acid a t  90" with tha t  for a-methyl- 
galactopyranosidc showed that, whcreas only 50% of the lattcr was hydrolysed during 9 
hours, the furanoside was completcly hydrolysed in 5 hours. 

K~ = 30.0; K~ = 30.0; K~ = 48.0. Depression of conductivity : 12.0. 

u-l~ethylma~tizo~zfilralzosicle.-Ilaworth, Hirst, and Webb's method (J.  , 1930, 658) yielded a 
colourless, non-reducing syrup which crystallised immediately on nucleation with a crystal of 
the substance kindly provided by Professor Haworth; m. p. 119"; [a]r + 113" in water 
(c, 1*5), + 112.2" in M/z-boric acid (c, 0.5). 

K~ = 20.0; K~ = 30.0; K~ = 3400. Elevation of conditctivity : 3350. 
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P-d-l;rziclose.--Commercial fructose was purified by slow recrystallisation from absolute 
alcohol and washing with acetone; [a]h7' - 130" in water (c, 3.6). 

K~ = 28.6 ; K~ = 30-0; K~ == 762. Elevation of comiticlicity : 703. 

a-1-Sorbose.-M. p. 164-165", l a ] g "  - 43.5" in water (c, 1.0). 

(i) K~ = 24.8; K~ = 30.0; K~ = 2214. Elevation ofconducliirily : 2159. 

(ii) For M/10-SolUtiOliS in each case : K~ = 9.3; K~ = 5.1 ; K~ = 212. Elevation of ColZdZlCfiUi/y : 
197.6. 

Ir'ofatioga Iixperiments.  
u-d-Glucose.-The values of La]","" a t  time t (mins.) for ( i )  re  aqueous solution and (ii) 

~/2-solution in M/%hric acid were : 

t 5 30 60 140 220 2 80 m 
[a]Y (i) ............... +108.2" 94.1" 82.0" 64.4" 57.6" 54*!1° 52.7" 
j a ] y  (ii) ............... $- 108.3" 94.0" 82.8" 64.8" 57.4" 64.7" 

........................... 

52.6" 

Similar experiments were carried out with ~ / 4 -  and ~/8-solutions ; the figures in  each case 
showed the same rate of mutarotation in aqueous and boric acid solution and the equilibrium 
values only varied from 52.3" t o  52.6". 

1 3 20 40 60 !)0 150 240 00 

la12O 

~-d-GZzrcose.--The data, expressed as above, arc : 

............... 
L ~1'4p: (i) ... +20.60 25-7" 30.6" 34.6" 39.2" 44.7" 49.0" 62.2" 

Jn (ii) ... +20.8' 25.8" 30.8" 34.8" 39.2" 44.7" 49.2" 52.3" 

Viscosity I{xperirneds.  
The apparatus used was that described by Horiiel and Butler (J. ,  1936, 1361); i t  required 

less than 1 C.C. of liquid for a determination, and the capillary was o f  such dimensions tha t  
approximately 100 seconds were required for watcr t o  pass between the fixed points. 
~/2-Solutions of the substances examined werc made up in water and in boric acid solution ; 
a weighed amount of solution was transferred to  the apparatus, and its time of flow determined 
by means of a Venner stop-watch reading to 0.1 sec., the mean of several determinations at 
25" & 0.02" being taken as thc result. 

The rclativc viscosity qr was calculated from r ) ,  = * q ' / ~  = p'7" /p l ' ,  where q and q' arc the 
viscosity coefficients of two liquids of densities p and p' and times of fall 7. and 1.'. The 
results are recorded in the following table, i n  which G denotes the weight (in 6 . )  in the 
viscometer, and 2' the mean time of fall ( in  sccs.). 

lr'clnliue Viscosities. 

(Conductivity water) ........................... 
a-&Glucose ....................................... 
/?-d-Glucose ....................................... 
a-Meth ylglucopyranoside ..................... 
3 : 4 : 6-'Trimcthyl a-mannose ............... 
2 : 3 : 6- l r imethyl  methylglucopyranoside 
2 : 3 : 4 : 6-Tetramcthyl glucose ............ 
Boric acid .......................................... 
2 : 3 : 4 : 6-Tetramethyl methylglucoside ... 

>I 12-A queous solittions. 
G * T. 77r. 

0.9448 102.5 1.000 
0-971 124.2 1.250 
0.973 124.3 1.250 
0.967 129.7 1.295 
0.967 136.5 1.300 
0.962 140.7 1.400 
0.!)62 13!)-5 1.390 
O.!j6S 142.2 1 *42O 
0.!)5!) 106.4 1.050 

M / ~ - . S O ~ U ~ ~ O P E S  in  
M /2-bovic acid. 

G . 1'. %- 

0-982 128.9 1.240 
0.983 129.4 1.245 
0-978 134.2 1.290 
0.977 141.1 1.350 
0.972 146.0 1.400 
0*!)73 145.4 1.390 
0.!)76 148.0 1.415 

- - - 

-- - - 

As shown by the following table, Einstein's eqnation (loc. ~ i t . ) ,  which can be modified to 
qSp..S/c = K ,  is approximately obeyed, Ir' having a mean value of 0.44 for the solutions in 
 boric acid. Herc qsp is thc specific viscosity, c the weight concentration of dissolved phase, 
S the density of dissolved phase calculated from a knowledge of the weight of substance taken, 
thc volumc of watcr used, and t h e  weight of solution, and K shoulcl be constant for any one 
class of substance. 

I t  will bc noted tha t  the rclativc viscosity increases with increase in  molecular weight; 
this is analogous to the increasing depression of conductivity on the introduction of an 
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increasing number of nicthoxyl groups, a i d  both thcse results are compleinentary to the above 
relation between viscosity and molecular volume. 

Dissolved phase. 
a-d-Glucose . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8-d-Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
a-Methylglucopyranoside . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3 : 4 : 6-Trimethyl a-mannose ........................... 
2 : 3 : 6-Trimethyl methylglucopyranositle.. . . . . . . . . . . 
2 : 3 : 4 : 6-Tetramethyl glucose ........................ 
2 : 3 : 4 : 6-Tetramethyl methylglucoside ............ 

%P.* 
0-250 
0.250 
0.295 
0.360 
0.400 
0.390 
0.420 

c. 
8.25 
8.25 
8.82 
9.98 

10.55 
10.55 
11-10 

7lUP.lC. 
0.0303 
0.0303 
0.0335 
0.036 1 
0*037!) 
0.0370 
04378 

5. 
1-552 
1.552 
1.380 
1.337 
1.242 
1.242 
1.275 

T)tJp..S/G. 
0.46 
0.45 
0.48 
0.48 
0.47 
0.46 
0.48 
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