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ABSTRACT 

D-Gluconic acid monohydrate. obtained in crystalline form by slow evapora- 
tion of an aqueous solution, is monoclinic, space group P2,. with a = 8.430(9), b 
= 5.403(6), c = l&406(9) A, p = 96.88(6)“, and Z = 2. The crystal structure was 
determined from three-dimensional X-ray diffraction data taken on an automatic 
diffractometer with MoKa, and relined by least-squares techniques 10 R = 0.045 
for 1018 reflexions. The molecules of D-gluconic acid exist in a bent-chain confor- 

mation similar to that found in ammonium D-gkonate. All of the oxygen atoms 
participate in intermolecular hydrogen bonds utilising all oxygen-bonded hydrogen 
atoms, and the water molecule connects four different acid molecules. 

INTRODUCTION 

D-Gluconic acid equilibrates in aqueous solutions to give a mixture of the 
acid and the y- and &lactones’,‘. The fi-lactone is the form most commonly availa- 
ble commercially, and its crystal structure has been determined”. D-Gluconic acid 
is difficult to crystallise, but has been reported4 to form long needles, with m.p. 
125”, which decomposed at 132-133”. Usually, D-gluconic acid is commercially av- 
ailable as a 50% aqueous solution or in the form of syrup. The y-lactone has long 
been known’ in crystalline form. 

Because of the interest in the molecular conformation of acyclic D-gluconic 
acid, several investigations of its crystalline salts have been carried out using X-ray 
and neutron diffraction techniques. In the crystals of potassium’, potassium 
monohydrate (two forms)‘, manganese(H) dihydrate’, ammonium’, sodium’, and 
lead(II)’ D-gluconate, various zigzag and bent-chain conformations were found. 
The results of a study of the crystal structure of D-glUCOniC acid monohydrate are 
now rcportcd. 

EXPERIMENTAL 

Crystals of D-gluconic acid monohydrate were obtained by very slow (2-3 

months) concentration of an aqueous solution of commercial D-glucono-8-lactone. 
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The crystals WZJC cleal plates, m.p 125-126” with decomposition at -240°, with c’ 

perpendicular to. and a and 6 along, the broad face. ‘I‘hcy decomposed a little in 

air. 

A/za/. Calc. for CJI,zO, Hz0 C, 33.6; H. 6.6. Found: C. 33.9: H. 6.5. 

Weissenberg and oscillation photographs showed the crystals to be mono- 

clinic, and space group P2, was indicatrd by the systematic abscncc of rcflcxions 

Ok0 with /( odd. A crystal fragment, having the approximate dimcnrions 0.75 x 

0.55 x 0.03 mm. was cut from a large crystal and scaled in a capillary. A Syntex 

P2, diffractometer. MoKu radiation (A 0.71069 A), and a graphite mono- 

chromator were used for lattice-paramctcr and mtenslty measurements at T = 301 

iZ K. Measurements wrre made for 1858 symmetry-indcpcndent reflexions having 

28 ~65” by the 2&w scan tcchniqur. Two reflexian*, which wcrc monitored period- 

ically. exhibited no significant variations in intensity during the period of data col- 

lection. The intensities were corrected tor Lorent and polarisation factors. and 

empirical absorption corrections were made from rp-scan data. The crystal data are 

listed in Table I. 

The struclure was solved by direct methods using the MULTAN programs of 

the “X-Ray” system (1978 version) . ,. “‘. 750 reflexions with E > 1.13 were used to 

generate and refine 16 different sets of re-normahsed Gructure-factor phases. For 

those phase sets having the “best” associated figures of merit. E-maps were com- 

puted. None at the maps. however, revealed a plauaiblr mole~uI~r strwturc. 

Therefore. B non-routine procedure wan employed. The 21 highest peaks from the 

best map were used as the starting model. During the refinement, using full-matrix 

least-squares techniques. the “atoms” having high values of B,,,,. as well as those 

with unrealistic interatomic distances, were removed from further c:~lculntions In 

this way. the number of “atoms” was reduced to 12 and K dropped to 0 32. Two 

remaining heavy atoms were found from a difference synthesis. Further refine- 

ment, first with isotropic. and then anisotropic. thermal parameters. gave R (1.074. 

A difference synthesis at this stage showed all I1 atoms. ‘I‘hcy were inciuded with 

isotropic temperature factors. and three cycles of full-matrix rcfmcment yielded a 

TABLE I 

Stolchmmetry 

L 
Space group 

;: 

; 
p (calculated) 
p (ohserved)” 

I* (MoKa) 
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final R value of 0.045 and an R, value of 0.035 for 1018 reflexions with I >2a(I), 
where R = BIIF,l - IF,(IEIF,I and R, = [CW(~F,,I - IF,()‘/Tw]F,I~]“‘. The function 
minimised was Zw(lF,I - IF,])’ with w = (r ‘(F,), where cr(F,) was from counting 
statistics. During the last cycle of refinement, no parameter shifted more than one- 
fourth of its standard deviation. A final difference synthesis was featureless. 

All calculations, except MULTAN, were performed on a NOVA 1200 com- 
puter with the Syntex XTLXTLE Structure Determination System (1976)“. Neu- 
tral-atom scattering factors were those listed in International Tables for X-ray 
Crystallography (1974)12. The anomalous dispersion was included for 0 atoms. 

O-l 

c-4 

O-1’ 
o-2 
o-3 
o-4 
O-5 

c-5 

O-6 
o-7 
C-l 
C-2 
c-3 

0.3079(4) 
0.1717(4) 

0.0751(S) 

0.4945(4) 
0.3098(4) 
0.1008(4) 

-0.0746(4) 
-0.2X62(4) 

-0.03X6(51 

0.5393(4) 
0.2737(5) 
0.3401(5) 
0.2340(S) 

0.6825(10) 
0.3386(Y) 
O.h(fixcd) 

0.5016(1 I) 

0.6371(9) 
0.2723(E) 
0.8806(9) 
0.6995(10) 

0.666_%10) 

1.0106(10) 
0.5137(1 I) 
0.4897(12) 
0.62,53(11) 

0.0979(3) 
0.0423(3) 

-0.0965(3) 
-0.3274(3) 

-0.2531(4) 

-0.3161(3) 
-0.2700(3) 
-0.4829(3) 
-0.34X5(4) 

-0.3410(41 

0.0218(4) 
-0.1067(4) 
-0.2135(4) 

3.52(26) 
3.15(25) 
2.76(24) 
3.28(26) 
2.33(21) 

1.78(26) 

2.44(22) 
2.77(24) 
3.31(26) 
2.16(28) 
2.05(28) 

1.81(27) 

1.91(28) 

C-6 -0.1962iSj 0.5457~11j -0.3897(4j 2.25(32j 

H-11 0.138(7) 0.383(13) 0.140(6) X.1(16) 
H-22 
H-33 
H-44 
H-55 

H-66 
H-7 
H-7’ 
H-2 

0.555(7) 
0.378(5) 
0.157(6) 

-O.OZO(S) 
-0.325(6) 

X467(6) 
0.581(6) 
0.344(5) 

0.461(16) 
0.773(9) 
0.297( 10) 
0.983(10) 

0.828(11) 
1.097(11) 
l.OYS(12) 
0.325(10) 

-0.079(6) 
-0.316(4) 
-0.383(5) 
-0.282(4) 
-0.455(S) 
-0.402(S) 
-0.2X1(5) 
-0.132(4) 

9.3(21) 
1.1(10) 
4.‘)(13) 
2.0(11) 
5.6(17) 
5.3(14) 
5.3(15) 
2.0(9) 

H-3 o.222(4) 0.780(8) -0.180(3) 0.4(7) 
H-4 0.023141 0.473181 --0.180~3~ 0.7(7) 

H-S 0.011isj 0.717i8j -0.421(3j 1.9(83 
H-6 -0.183(5) 0.413(9) -0.436(4) 1.7(Y) 

H-h’ -0.251(4) 0.%9(9) -0.313(4) 2.1(8) 

“For non-H atoms, B,, = ‘h(B,, + BZZ + B&. They co-ordinate of O-2 was not refined. 
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RTSUIS AND DISCUSSION 

The final atomic” parameters are listed in Table II: interatomic distances and 

angles tar the D-ylucon~c acid molecule are given in Table III. 

‘I‘he gluconic acld molecule is shown in Fig. 1, which also gives the thermal 

ellipsoids and the atomic notation. The molcrulc has a hcnt-chain conformation 

with nn intramolecular hydrogen bonds. This conformation can he derived from 

the planar conformation of the u-gluconatc ion found m potassium n-gluconatc 

monohydrate (monoclinic modification)“’ by rotating -12W about the C-?--C-3 

bond. This rotation gwez, a conforrnativn in which C-2.3.4.5.6 and O-2.6 Ii, in a 
plane (7’nhlc III). This results in the lbgluconic acid molrcule having the hrnt- 

chain conformation similar to that found for ammonium n-pluconatcq. The only 
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Fig. 1. Atomic notatiwl and thermal ellipsoids” (SO?4 probablbty) for D-glucon~ acld 

difference involves O-6, which is antiperiplanar in the acid and synclinal in the am- 
monium salt. The C-COO group is planar. There is also a tendency for H-11 to lie 
in this plane (Table III). In contrast to most other whydroxycarboxylic moieties’4, 
the -C(OH)COOH group is not planar [the torsion angles O-l-C-l-C-2-0-2 and 
O-l ‘-C-l-C-2-0-2 are 29.2(X)” and -152 6(7)“, respectively]. A similar situation 
has been observed for ammonium D-gluconate. In comparing the conformation of 
n-gluconic acid and that of its b-lactonc”, It is easy to transform a model of the 
gluconic acid by rotation of 120” about the C-3-C-4 bond and to eliminate a 
molecule of water to produce the Slactone. 

The C-C bond-lengths (Table III) range from 1.512(6) to 1.530(6), and those 
for C-O (alcohol) from 1.414(5) to 1.430(7) A; th e 1 d’ff erences from the mean are 
not significant. The same is true for the valence angles: the mean value for the C- 
C-C angles is 113”, and for C-C-O is 109”. These results are in good agreement 

with those found for the salts of D-gluconic aciclm9. 
The crystal packing down the h axis is shown in Fig. 2. The u-gluconic acid 

molecules are oriented in the crystal with their long molecular axis approximately 
parallel to the a + c vector. The molecular packing in the crystal appears to be de- 
termined by hydrogen-bonding effects, since there are eight hydrogen bonds per 
asymmetric unit. Hydrogen-bonding distances and angles are listed in Table IV. 
All of the oxygen atoms participate in intermolecular hydrogen bonds utilising all 

oxygen-bonded hydrogen atoms, and the water molecules are hydrogen-bonded to 
four symmetry-related gluconic acid molecules. As shown in Table IV, the shortest 



Fig. 2. Molecular packmg ,n the crystal structure ot n~glucrmc c~.,i, m<,nvh~d,atc \sc\icd doi\ n [he h 
axis 

hydrogen bond [2.607(4) A] is that from the carboxyl group (as donor gt-oup) to the 
hydroxyl group 
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