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Quantitative Analysis of Reaction Products from
Glucose and Xylose in Acidic Aqueous Medium by 'H-NMR
Spectroscopic Method™
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ABSTRACT

Reaction of glucose and xylose to secondary hydrolysis of concentrated acid hydrolysis was
quantitatively analyzed by 'H-NMR spectroscopic method. Anomeric hydrogen, furan and formic
acid peaks were selected for quantitative analysis. The glucose was converted to the formic acid
and the levulinic acid via the 5-hydroxymethylfurfural (HMF) but the xylose was converted to the
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Table 1. Analytical conditions for NMR spectroscopy

1H-NMR
Model Brucker, AVACE NMR spectrometer (500 MHz)
Solvent DO
Pulse 11 usec
Delay between pulse 10s
Acquisition time 273 s
Sweep width 10 ppm
Center of spectrum 45 ppm
Temperature 2056 K
9] &8 Sigma-AldrichAMe] Alk5FS T+ WAL Wo] A 7|F o2 1] Wo]x ERlR
o}oq AgAT FE AERE AT, o e RRY G BUL AFoR ARl =
ojx} FHTE AHESte] 72% (24.0 N) &4k A= Aol AF-g-skA vt

stT). 22 7Hasl el EAg 95te], AMES &
(D20, deuterium oxide)= Cambridge Isotope
Laboratories, IncAte] % 99.9%5 A&3l%tt.
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Formic acid \

5-HMF

B-rhamnose B-glucose

a-rhamnose

a-glucose

"H-NMR spectrum of reaction prod-
ucts from second hydrolysis of glucose
at concentrated acid.

Fig. 1.

Table 2. Chemical shift of anomeric hydrogen
of the glucose and xylose, the formic
acid, furfural and 5-hydroxymethylfur-
fural (5-HMF)

Hydrogen source Chemical shift (ppm)

a 521
Glucose
B 458
vl a 517
ose
Y 451
Formic acid 820
Furfural 750, 785, 935
5>HMF 938
B2 EA5te FA slgEe 93+ 7.5~9.3 ppm
9] 3}t o] %k GGl e Ul u%“’é%
ofrm A 49 8}t o] F o] tE T AA
A %= L-rhamnoses AFE3FA L, 2 } A TR
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Z w3 229l 5-HMF (hydroxymethylfurfural) &}
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Fig. 2. "H-NMR spectrum of reaction products
from second hydrolysis of xylose at con-
centrated acid.
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Glucose 100C-120 min.

Glucose 120C-120 min.

Fig. 3. Different 'H-NMR spectra between dif-
ferent reaction temperature from secon-
dary hydrolysis of glucose at con-
centrated acid hydrolysis.
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Fig. 4. Different 'H-NMR spectra between dif-
ferent reaction temperature from secon-
dary hydrolysis of xylose at concentrated
acid hydrolysis.

A2 ogte] 8 Ho| %A ¢k= huminAl &
o] A= 7] wiitoll HA A1 Ak Fx]of| A £24lo]
A3 7] w o]l (Rasrendra et al., 2010).
3.3. TEE} XUZAQ HIE ME H|W

ARk o= 4F 7oA hErg R T 68 o] -
H Fxo)7] “H—Eroﬂ, Abell o gk g A whg-o]

"1 deA $oh(Aguilar et al.,

2002). 2} 7}‘/115"3]13:@0“ L9 & g 3
AEE 27 7tral e 59 T FRol st
FAe-dct, A 8 20 5-HMFE 72
ol 29]3te] levulinic acide} 7fv|4to = EaH T
(Rasrenda et al. 2010).

gz 2o whg AEQ] furfurals 339 &
o] b ghikE FElakAl VERg AR, X ‘?l
AHEQl 5-HMF da3+= Adix o=z 2o,
° furfural®} 5-HMF7} AHA v Z A0 A ¢4 A
o] ttE7] wFEl Aow AZtErt 5-HMF A
levulinic acid¢} 7Rv]Abo. 2 o] 23 1k&-2 wE
A E 7] ol 4] Fxrb =3 5-HMF 5
T7F SR 9k, furfurale o]ld ZAAA Jjg oz
A E Fxol7] Wil AMuite] FE9 furfural
o] F&7t FAFSHAl YERRT

o

>i oo rz

— 291 —



Levulinic acide ol & &% x] &7] wjia,
55 oFete] A5 A A huminAl st
I 22 A FALR B A A E NMR 29
o] YelA] ekl Levulinic ade e
7] A E AR e e TR A3
fr71 82 F5E38te] A EoF Fht ’5}7(]“& levu-
linic acid®] A/ =} Mu|ik A =& Abolo] I gt
HAZE AEstr] Wi, 4" MvAte R levu-

st 4 dth(Asghari and

=

1.

S gt e 010
rﬂ i

2 m oo

TE =
== T

linic acid®] &
Yoshida, 2007).

=

B4 23 45
B9l 4] 7}

a

o
M oo
o v Lo

5-HMF& dﬂ] 7h U]"hjr levulinic acid=

A RF, furfural> 7fvjAte 2 o] 13 vk
A= o] furfural®l &
2 =4 Yeyt

[}

L7} 5-HMFRTE g

_9_o]

o X 32 o

20118
H] (7174 3

=
] o

. Aguilar, R, J. A. Ramirez, G. Garrote, and M.
Vazquez, 2002. Kinetic study of the acid hydrol-
ysis of sugar cane bagasse. J. Food Eng 55: 309~318.

. Asghari, F. S. and H. Yoshida, 2007. Kinetics of

10.

11

12.

— 292 —

the decomposition of fructose catalyzed by hy-
drochloric acid in subcritical water: formation of
S-hydroxymethylfurfural, levulinic and formic
acids. Ind. Eng. Chem. Res. 46: 7703~7710.

. Borchardt, L. G. and C. V. Piper, 1970. A gas chro-

matographic method for carbohydrate as aldi-
tol-acetates. TAPPI J. S3(2): 257 ~260.

Cho, D. H, S-J. Shin, Y. Bae, C. Park, and Y. H.
Kim, 2010. Enhanced ethanol production from
deacetylated yellow poplar acid hydrolysate by
Pichia stipitis Bioresour. Technol. 101: 4947 ~4951.

. Crowell, E. P. and B. B. Burnett, 1967. Determina-

tion of the carbohydrate composition of wood
pulps by gas chromatography of alditol acetates.
Anal. Chem. 39: 121~124.

Davis, M. W. 1988. A rapid modified method for
compositional carbohydrate analysis of ligno-
cellulosics by high pH anion-exchange chroma-
tography with pulpsed amperometric detection
(HPAEC/PAD). J. Wood Chem. Technol. 18 235~252
Kiemle, D. J, A. J. Stipanovic, and A. J. Mayo in
Hemicelluloses : science and technology, Gaten-
holm, P. and Tenkanen, M. Eds, pp. 122~139.
American Chemical Society, Washington DC. (2004)
McKibbins, S. W, J. F. Harris, J. F. Saeman, and W.
K. Neil, 1962 Kinetics of the acid-catalyzed con-
version of glucose to 5-hydroxymethyl-2-furfur-
aldehyde and levulinic acid. Forest Prod. J. 12:
17~23.

Rasrendra, C. B, . G. B. N. Makertihartha, S.
Adisasmito, and H. J. Heeres, 2010. Green chem-
icals from d-glucose: systematic studies on cata-
lytic effects of inorganic salts on the chemo-se-
lectivity and yield in aqueous solutions. Top.
Catal. 53: 1241~1247.

Root, D. F, J. F. Saeman, J. F. Harris, and W. K.
Neil, 1959. Kinetics of the acid catalyzed con-
version of xylose to furfural, Forest Prod. J. 9:
158~164.

Shin, S-J. and N-S. Cho, 2008. Conversion factors
for carbohydrate analysis by hydrolysis and
'H-NMR spectroscopy. Cellulose 15: 255~260.
Smith, F. and R. Montgomery, 1956. End group
analysis of polysaccharides. Method Biochem.
Anal. 3: 153~212.



