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The pH Dependence of the Boron-11 Chemical-shift of Borate-Boric Acid
Solutions

M. J. How,* G. R. KENNEDY, and E. F. MOONEY
(Department of Chemistry, The University, P.O. Box 363, Birmingham 15)

OuRr interest in the formation of anionic complexes by
neutral polyhydroxy-compounds, such as carbohydrates,
in alkaline borate prompted investigations of direct methods
for studying the structure and stability of such complexes
in solution by “B and 'H n.m.r. Complex formation
depends upon the pH of the electrolyte and the structure
of the polyhydroxy-compound.! The structure of such
complexes involving sugars has been inferred»® from
studies of the electrophoretic mobilities of derivatives of the
sugars in which hydroxy-groups were selectively substituted
e.g. by methylation.

The following equilibria between borate ions and poly-
hydroxy-compounds have been suggested.?
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The »H dependence of (1) determines the concentration of
the complexed forms of the polyhydroxy-compound R(OH),
asindicated by (2) and (3). Thiswasinvestigated foraqueous
solutions (50 g.1.-!) of sodium tetraborate, pH 2—12, at 33°
by meesurement of the 1B chemical shift at 12-83 Mc. /sec.,
with the dimethyl ether-boron trifluoride complex as
external standard. The results (Figure) show that the

chemical shift at high pH corresponds to that of the tetra-
hedral B(OH),~ ion* and, at low pH, to that of boric acid.
Only one B resonance signal is observed, indicative of a
rapidly interconverting equilibrium. The measured chemi-
cal-shift corresponds to a mean of those of HyBO, and
B(OH); weighted according to their relative concentra-
tions. The extreme sensitivity of equilibrium (1) to pH
in the region 7—10 confirms that complex formation is pH
dependent. pK Values at 33° for equilibrium (1), cal-
culated from the B n.m.r. data presented are summarised
in the Table. From electrochemical data Owen and King?
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Ficure. pH Dependence of "B chemical shift of borate~boric
acid solutions.
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The effect of pH on the equilibrium constant of equilibrium (I) calculated pK values of 8-850 and 8-814, respectively, for

K x 10-® equilibrium (1) in 0-36M-sodium chloride, at 30 and 35°,
suBs  pH  [B(OH);]/[HsBO;] (g.ionl-?) pK  and showed that pK values decreased on increasing the
— 315 100 19-0 1-90 8:72 sodium chloride concentration. The apparent dependence
— 470 95 6-40 2:02 8-69 of pK on pH (Table) probably reflects the increased chloride
— 83 90 1-93 1-93 8-71 ion concentration which results from addition of hydro-
—12-0 86 0-807 2:55 8-59 R . . .

—158 80 0-298 2.98 852 chloric acid to aqueous solutions of sodium tetraborate to
—181 7-5 0-108 3-42 8:46 produce solutions of pH < 9-5.
—18-8 7-0 0-045 4-50 8-356

L (Received, January 15th, 1969; Com. 050.)
s Minus sign indicates to low field of Me,O, BF,.
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