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Solvent Isotope Effect on Reduction of H,O or
CO, with Glycerine Under Alkaline
Hydrothermal Condition
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Abstract: The solvent isotope effect was investigated with
'H- and *H-NMR, LC-MS and GC-MS analyses on the
reduction of H,O or CO. with glycerine under alkaline
hydrothermal conditions. The solvent isotope study results

show that the H on the g-C of lactate is almost exchanged by

D, O, which suggests that the hydroxyl (—OH) group on the
2-C of glycerine is first transformed into a carbonyl (C=0)
group and then is converted back into a —OH group to form
lactate; a large amount of D is found in the produced hydrogen
gas or formic acid, which shows that the water molecules act
as a reactant; and D% in the produced hydrogen gas or formic
acid is far more than 50%, which straight-forwardly shows
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that acetol is formed in the first place as the most probable
intermediate by undergoing a dehydration reaction rather than
a dehydrogenation reaction.

Key words: solvent isotope effect; glycerine; lactic acid;

hydrothermal reaction
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NMR spectra and mechanism for the solution on reduction of H,O with glycerine under alkaline

hydrothermal conditions (300 ‘C ,90 min,30 min,0.33 mol - L ! glycerine)
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Fig.2 LC-MS spectra for the solution on reduction of
H; O with glycerine under alkaline hydrothermal
conditions (300 ‘C, 30 min, 0. 33 mol « L™

glycerine)
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Tab.1 Ratio of H and D for the produced lactate on
reduction of H;O with glycerine under alkaline
hydrothermal conditions

i) YR m/z  AERWLE m(H  mD)
H,O C;H;(OH)COOH  89. 80 100 100 0
DO C;H4(OH)COOH  89.80 4.9
C,H;D(OH)COOH  90. 80 2.1
C.H;D, (OH)COOH 91.75 20. 8 0. 25 0.74
C:HD; (OH)COOH  92. 85 34.7
C; Dy (OH)COOH 93. 75 37.5
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Ratio of H and D for the produced hydrogen on

reduction of H;O with glycerine under alkaline

Tab. 2

hydrothermal conditions

RS Y om/z X REIA £ mEH) mD)
_ Ho 2 2007729 100 1 0
W
D: 4 202006 100 0 1
H, 2 102 346 5 WA AE
PRk HD 3 42379 25 HHEME 0.175 0.825
D: 4 141914 70 PERME
e
uH
0.1 1.0 2.0 3.0 4.0 4.9
¢/min
100{ ’
0 10 20
I)’l/Z
a H,O 1. 25 mol/L~! NaOH H,0
] K
o
0.1 1.0 2.0 3.0 4.0 49
t/min
100-
| | ‘ 1 \ )
0 10 20
m/z
b D,O 'H-NMR

3 HurkRmENIZEE H0 K FRB~WE GCMS
2 Z (300 °C,30 min,0.33 mol + L)

Fig.3 GC-MS spectra for the solution on reduction of HO,
with glycerine under alkaline hydrothermal condi-
tion(300 °C ,30 min,0.33 mol - L' glycerine)
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Fig.4 13 C-NMR spectra for the solution on reduction of
C0, with glycerine under alkaline hydrothermal
conditions (300 °C, 90 min, 0. 33 mol - L!
glycerine,0.89 g NaH“®CO; in H,0)
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Fig.5 NMR spectra and mechanism for the solution on reduction of CO, with glycerine under alkaline
hydrothermal conditions (300 ‘C ,60 min,0.33 mol - L™! glycerine,0.89 g NaHCO; in H;0)
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Fig.6 LC-MS spectra for the solution on reduction of CO, with glycerine under alkaline hydrothermal conditions (300
C,60 min,0.33 mol - L™! glycerine,0.89 g NaHCO; in H,O)
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RILZJG m/z 8K 45. 75 F1 46. 80. 3 3 WiHE %
KW, 7E NaOD_D, O R 22 W H R m(HD)
Al m(D) 43514 0. 226 0 F10. 774 0. Htk, 7 D, O &
REPJEETHPRPEEKER D BRI
T E SR A B 7K 5 N T B L AR BN AR 7 P B
B AR A AT RERY )= 4.
*3 H:0#n D,O rH iy 7k i 4L 3B R = A = £ RO ELER
FRER HF D YRELLH
Tab.3 Ratio of H and D for the produced lactate and
formate on reduction of CO, with glycerine

under alkaline hydrothermal condition

sl R m/z FREHH mEH) mD
H,0 C:H.(OFDCOOH  89.80 100 1 0
HCOOH 45,75 100 1 0
DO C:H,(OH)COOH 89. 80 4.8
C:H3;D(OH)COOH  90. 80 2.0
C:H:D: (OH)COOH 91. 75 20. 9 0.2443 0.7457
C;HD3; (OH)COOH  92. 85 34.7
C; Dy (OH)COOH 93.75 37.6
HCOOH 46. 80 22. 60 0.2260 0. 7740
DCOOH 45,75 77.40

2.3 Hissk#sEELER HO0 # CO, T KA
kRS

EHE CO, mFE B LL H, iR B, s

TR () FrnHE RN # i #7 B BB (AGRT, kJ -

mol 1)> 0;{H &M U4 Y AR L &Y H e R

W, a5 R (6) Bian R AGRT <
0. NH R AAITE , il 2 A= Y L AS B A R RE B A )
F CO, R JR. R, ZE K R R R P, BT
BEIEEANA F T CO, Hixk R, 3 52 B 4 i Hb b
ABEINT CO, KA i L BE AN A= B4 FR R b f 15
AGRT BRI R (D) ,(5),(7),(8) 017,

XA H KRS A R S, Rl CO,
BIINA B H EHEIN A NaHCO, A] DLk LA 4 H,
R, BN AHR, TSN EEEIEED
(N 4 P, BRTERAN RRAER S H,0 40 FH
BRERAT CO, ME, HENTAF4 N2 PR
AR WE? AT U, 76 H K P4 4k
WE CO, w2, WA FIEA N E—OH—C L
) H A RER. AR H KR RN A AR
FRIER CO,, BR AL B R A BB AR, X4
FA S A EEAEH AT K B E& 0 TR E CO,
M2 B I, & B R & — AN 2L F Meerwein-
Pondorff-Verley &5 &M, 38 4 H WA =4
B, M R R FE— N ERYE KM H0 5 CO,
Wg? X RER FE BRI S YRR T
ENAS ZEBKERL. B, 3 TRERELEY
R H,O 5k CO, i8ET) , B R4 HbBH Lk EL K 5 LY
RAERKRAEEEER.

COup + Hap—o ™ HCOOH,, 3
COnp + Hatp + NHsp—— = L HCOOG, -+ NHii @
COsap T Hatp TNHii L HCOO¢qy +NHi &)
Cy H; (OHD; +COyp— ™, CH,CH(OH)COOH,,, + HCOOH,, (6
Cy Hs (OHD; +COyp -+ NHyoy— 2 2, ¢ H, CH(OH)COOH,y + HCOO( -+ NHiy %)
Cy Hs (OHD; +COyp + NHygp— 28 ™, H, CH(OH) COOHq +HCOOw +NHii (®

x4 HEwELER B0 00 MF=H 25k R ayH i
Tab.4 Yields of products and remaining glycerine on
reduction of H,O or CO, with glycerine under

alkaline hydrothermal conditions

a/% b/% /%

L& 80.1 82.6 81.2
i 0. 05 79.8 78.1
a5 84.5 4.0 3.8
AR 0. 64 2.5 2.3
R 2.0 0.9 0.7
IR 2.2 0.5 0.4
BEHM 16.0 14.1 15.2

1*:2:0.4 g NaOH;b; 0.4 g NaOH #1 0. 44 g COz;3¢:0.84 g
NaHCO; GREE : 300 °C; J Bf B[] : 60 min; H i ¥ B 0. 33 mol «
L.

3 it

254 H,’H-NMR, LC-MS 1 GC-MS 4 #¥r &
%A T KBRS T iR IR HO 1 CO,
TR A ) B TR L 3R S0 B ST R

(D #ARAF L pC 1 HILF B2
D, AT BEEA H 2 F b 2-C fi i3 2 Se i fb o3k
&, AR AN T ERRE.

(2) PRI SMF R AFFERERR D, A
BRI FAEN RSN T BB

Q) FEREASIMERS D & 8T
5076 » AT 38 B H-H 15 576 22 2 JB 7K O T S S22 Jit
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(4) E I H K B AE LR R H, O B¢ CO; H)
P, Dl B H- Tl K A ALk IR CO, s 72+, AT BE
IR A IR & R AR AL B H A REA.
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