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General information: Gas phase GC samples were performed on Agilent 6890N (G1530N: HP Plot Q / FID —
hydrocarbons, Carboxen / TCD - permanent gases, He carrier gas). The gas integration was calibrated using certified gas
mixtures from commercial suppliers (Linde and Air Liquide). The systems allow for the determination of H,, Ar, CO and CO,
within the ranges: H, > 0.5 vol% - 100 vol%, CO > 10 ppm, CO, > 100 ppm. V(H,),, is used as 24.6 L/mol, based on 26.0 °C.
"H NMR Spectra were recorded on Bruker 300 MHz, '3C NMR Spectra were recorded on 75 MHz in the solvents CD;0D;
chemical shifts are reported in units (ppm) by assigning CD;0D resonance in the 'H spectrum as 3.31 ppm and CD;0OD
resonance in the 3C spectrum as 49.05 ppm. Compounds 3,! 4,' and 6! were synthesized according to the reported procedure.
All the solvents for reactions were used after the extrusion of air by argon. If no special indicated, regents were used as
commercial sources and without further purification.

Standard reaction procedure:

The substrate was added to a double walled thermostated reaction vessel and evaporated and back-filled with argon for several
times to remove air. Solvent, base were added under argon atmosphere. After heating to the specified temperature and stirring
the solution for half an hour, the catalyst in a small teflon tube was added to the well stirred reaction mixture. The amount of
gas generated over time was measured by manual gas burette (100 mL, and 1000 mL burettes were used). Subsequently, the
gas purity was detected by GC analysis. After cooling to rt, the reaction mixture was treated with HC1 (37%) until a pH to 3-4
was reached. In the reaction with glycerol using 200 ppm of catalyst and the reaction of sorbitol CO2 is observed as side-

product.

Table $1. H, generation from glycerol: Variation of reaction conditions.

HO/Y\OH 125 °C H2
OH base, diglyme

Entry catalyst pmol, ppm base (M, equiv.) V(1h) TOF(1h) V(2h) TOF (2h)

4.00,29.2 NaOH (2.00,0.29) 56.0 569 109.5 556
4.05,29.6 NaOH (2.00,0.29) 29.0 291 42.0 211
3.99,29.1 CsOH®(1.50,0.22) 142.0 1447 272 1387
4.25,31.0 K,CO3(1.50,0.22) 49.5  473.0 72.0 344

w
A A aa

Reaction conditions: reactions were performed on glycerol (10.00 mL, 136.93 mmol) using
ourets il removal of bk volimas. * The rescton was performed at 55 -C. S15% H10

was contained.

Analysis the products of glycerol.

Hydrogen generation from pure glycerol and industrial glycerol catalyzed by 0.5 ppm of catalyst 1:

According to the standard reaction procedure after 12 h heating at 125 °C, 1-methylnaphthalene (9.725 mL, 68.47 mmol, 10
mol% to glyerol) was added as an internal standard for 'HNMR, tetraglyme (75.413 mL, 342.33 mmol, 50 mol% to glyerol)
was added as an internal standard for liquid phase GC. The reaction mixture was detected by crude '"H NMR and '3C NMR and
MS (ethanol solution of reaction mixture). After comparison with the spectrum of glycerol, diglyme, and potassium lactate,
which was synthesized by treatment with 2 equiv. of KOH in MeOH with a stirring overnight at room temperature, the major
product was as identified as potassium lactate.

Hydrogen generation from glycerol catalyzed by 200 ppm of catalyst 1:

According to the standard reaction procedure after 200 minutes heating at 125 °C, no obvious gas volume was increased. After
cooling to rt, 1-methylnaphthalene (1.95 mL, 13.69 mmol, 10 mol% to glyerol) was added as an internal standard for '"HNMR,
tetraglyme (21.12 mL, 95.85 mmol, 70 mol% to glyerol) was added as an internal standard for liquid phase GC. The reaction
mixture was detected by 'HNMR and GC. After comparison '"H NMR and '3C spectrum of reaction mixture with glycerol,
diglyme, propane-1,2-diol (10), and potassium lactate (9), it is concluded that 11% of propane-1,2-diol (10), 12% of potassium

lactate (9), trace amount of potassium acetate (11) and H, (10%) and CO, (2%) (reported data based on the increased volume


http://www.alibaba.com/product-gs/435041716/food_grade_Potassium_lactate.html
http://www.alibaba.com/product-gs/435041716/food_grade_Potassium_lactate.html
http://www.alibaba.com/product-gs/435041716/food_grade_Potassium_lactate.html
http://www.alibaba.com/product-gs/435041716/food_grade_Potassium_lactate.html
http://www.alibaba.com/product-gs/435041716/food_grade_Potassium_lactate.html

and the ratio of H, and CO, in gas phase, and the CO, trapped in liquid phase, which was released by addition of 37% HCI)
were obtained. From GC result, it concluded that 35% conversion (65% of glycerol), 9% of propane-1,2-diol (10) were
obtained.

Optimization H, generation from D-sorbitol.

When D-sorbitol was used as substrate in the optimal condition for glycerol, a TOF of 621-! (1 h) and 472! (2 h) was obtained
(Table S2, entry 1). Meanwhile, it was found that the reaction mixture was not a good soluiton. Water was tried using as
solvent. Using mixture solvent of diglyme (8 mL) and water (2 mL) showed better result. Decreasing amout of catalyst from
29.7 ppm to 15.9 ppm, the reaction efficiency was imporved to a TOF of 1025 (1 h) and 765! (2 h). After the reaction
mixture was cooled to rt, it was treated with HCI (37%) to pH to 3-4, 1.40 mL of CO, was released.

Table S2. H, generation from sorbitol: Variation of reaction conditions.

OH OH

oH Ru-MACHO
HO™ ™ KOH (1.50 M)
OH OH — > H,
125°C
Entry solvent (mL) pmol,ppm  V(1h) TOF(1h) V(2h) TOF(2h)
1 diglyme (10.0) 2.39,29.2 365 621 55.5 472
2 H,0 (10.0) 242,296 80 136 — —
3 diglyme (5.0) + H,O (5.0) 2.35,28.7 475 823 65.8 569
4 diglyme (8.0) + H,O (2.0) 2.43,29.7 475 795 71.3 597

Reaction condtions: reactions were performed on (10.0 mL, 81.74 mmol), volumes (mL) were
measured by gas burette with removal of blank volumes, TOFs (h™') were calculated with
repect of volumes of H,.

Prepartion of Lactic Acid from glycerol.
According to the standard reaction procedure after 24 h heating at 140 °C, 1-methylnaphthalene (9.725 mL, 68.47 mmol, 10
mol% to glyerol) was added as an internal standard for 'HNMR to determine the yield of LA, tetraglyme (75.413 mL, 342.33

mmol, 50 mol% to glyerol) was added as an internal standard for liquid phase GC to determine the conversion of glycerol.



NMR spectrum

OH

HO

OH

1000C

— S000C

0

G6Z'E
SOE'E
OLE'E
IE'E
LZEE
08r'e
005
SIS

g15'¢
965'E
z96°€ —%
LIS'E
FI9'E
L29's
229'c
S89'E

\

FiE'Y

10

20

30

40

5.0

6.0

ppm (1)

2000C

— 1500C

1000C

— S0ooc

B61'8F
- =
al'av
050'6%
CEE'GY
BLY'6F
<066
FLFED

088'EL

50

I
100

I
150

ppm (t1)



~o T O\/\O/

— 7000C

60000
— S000C
40000
— 3000C
20000
10000

1Y

1.91

I
300

I
4.00

ppm (t1)

6000C

[— 3000C

1000C

661 '8F
E£8F ¥

908
0506 —— 2%
B —— 7
1o6F —7

L06'6%

L0L°65

bBE'LL
PIBEL

20

I
70

ppm (t1)



OK

OH

5000C

BER'S

T30

- 288

00

50

10.0

ppm (t1)

— S000C

0ZLZT
river
LZ9'8F
OFa'ar
050°6¥
£9Z'6¥
e TA 4
989’6
ELEEr
8.8°69

¥o6'zZ81

I
100

I
200

ppm (t1)



HO

OH

60000

— S000C

40000

20000

1000C

o

L ——

el

662°¢
SO0E'E
OLE'e
SIE'E
LZEE

66EE

N\
BLFE

OLLE ——
LELE
6L
QLLE
96LE
LIE
E8E'Y

B

T 3.06

= 200
1 1.00

0.0

50

ppm (1)

1000C

— S000C

SES6L

ppm (f1)



4921

33
3315
3.305
3.299
1.893

3.310

10.0
ppm (1)

50

0.0

180.456

49,901
49617
49,333
49.050
48.766
48.481
48.198

24337
T

200
ppm (t1)

150

50



H, generation from pure glycerol (0.5 ppm catalyst, 12 h)
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H, generation from industrial glycerol (0.5 ppm catalyst, 12 h)
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H, generation from glycerol (200 ppm catalyst, 200 minutes)
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Selected Gas phase GC spectrum:

H, generation from pure glycerol with 0.5 ppm of catalyst 1 (12 h).

Data File C:WHPCHEMY1WDATAYZO013%1309413051103IG14782.D

1z h

Injection Date

11/09/72013 21:05:44 P

Fample Name: L¥5-190

Gample Name L¥5-190 Location : ¥ial 1
Acg. Operator HE A Ing : 1
Inj WVolume : Mahually
Acg. Method C:\HPCHEM: 1\ METHOD S\ WASSERAT. M
Last changed 11/09/2013 19:52:35 PM by AR
(modified after loading)
Analvysis Method : C:VHPCHEMY 1VMETHODS,CALLIZ10.M
Last changed 1270972013 08:28:59 M by LY
(modified afrer loadinhdg)
FID A, (13081 1S1G149732.00
L iy Y
P & L
] RE P I
400 ' T &
200
200
100 =
1. | b__l, o
0+ v
T T T T T
a 10 20 20 40 S0 mj
TCD2 B, (130291 N1S1614782.0)
25 3 b e e
&00 o E K
700 d A
&00 3 ﬁ§?
£00
400
200
200
100 J
03 T
i T T T T T T
u] 10 20 20 A0 S0 mi
External Standard Report
sorted By Fetention Time
Calib. Data Modified 1270942013 08:28:15 TH
Multiplier l.0000
Dilution l.0000

Fample Amount

Fimmal 1: FIDL &,
dignal Z: TCDE E,

RetTine 3ig Tvpe Area

2 1.08963Zed
. 2 1.5476%4
10.800 & -
2 -
2

25.890

Totals :

l.00000 [wolx] [(not uzed in calc.)

Ant/Area Amount Grp Hame
[wal%k]
9.106863e-3 99,35330 HZ
2.15715e-4 3.33859 Ar
- - co
- - CH4
- - coz

103.197389

Fesults obtained with enhanced integrator!

2 Warnings or Errors :

Warhing @
Warhing :

Gas GC 1270972013 08:29:30 PM LY

Calibration warhings (See calibration table listing)
Calibrarted compound(z) hot found

Page 1 of 2
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Blank reaction of industrial glycerol (12 h)

Data File C:ZHPCHEMY, 1%DATAYNZ013%1308%130829%31G14754.0 Jample Name: 1y5-174-4

Injection Date @ 29705720135 21:40:50 FPM

Sample Name : 1lwh-174-4 Location @ Vial 1
Ao, Operator HENA Inj : 1

Ing Volume : Manually
Acg. Method : C:ZHPCHEM 1ZMETHODS\WASSERST.M
Last changed : 2970872013 20:31:05 FM by LY

[modified after loading)
Analvsis Method : C:\HPCHEM\1\METHODZYWCAL1Z10.M
Last changed : 04/09/2013 16:41:15 TM by AK

[modified after loading)
FIDA A, (CAHPCHERMWADATAZO13V 302V 2022005 | G 14754000

A
&
400 3 Qﬂ.‘i’
200 G
200
100
i : .
-100 T T T T T
o 10 20 20 40 S0 miy
TCOZ B, (CAHPCHEMWVADATAZO13VZ0EVIZ0S2O051G 1475400
26 U] 3
<00
300
S
200
v
100 % d,-}.'\q:'
T ____A___j“xah,m________________
o4 . 0 T
100 T T T T T
0 10 20 20 A0 A0 min
External itandard Eeport
Forted B : Fetention Time
Calib. Data Modified : 03/09,2013 12:01:22 M
Multiplier : 1.0000
Dilution : 1.0000
Gample Amount H 1.00000 [wol%] [not used in calec.)

Siemal 1: FIDL A,
Sigmal 2: TCDZ B,

RetTime 3ig Type Area Ant Area Amount Grp Name
[mini [waol%]
------- [-=-l--———]--———— |- | - | = | -
J.ooo 2 - - - Hz
7.760 2 MM 4, 620125 Z.18032e-4 100.73347 Ar
11.275 2 - - - co
19.554 Z MM 169,15150 Z.76l08e-4 4.6712de-2 CHa
25.872 2 - - - coz
Totals : 100. 75018

Resultzs obrtained with enhanced integrator!
Z Warnings ot Errors :

Warning : Calibration warnings (see calibration table listing)
Warning : Calibrated compound(s) not found

Gaz GC 04/09/2013 16:41:17 PM AK FPage 1 of 2



H, generation from industrial glycerol (12 h).
Data File C:\HPCHEM\1\DATAY2013%1308%1308144515614699.D Gample Name: 1y5-152-3
1z h

Injection Date

14/058/20153 20:158:41 PM

Sample Name ly5-152-3 Location @ Wial 1
Acg. Operator Ly Ini : 1
Inj Volume : Marmally
Aceg, Method C:yHPCHEM' 1\METHOD 3\ WASSERST. N
Last changed 14/08/2013 16:11:09 FM by 1y
(modified after loading)
Analwysis Method : C:\HPCHEM\1\METHODSYCAL1Z10.HM
Lazt chatged 04/09/2013 16:53:40 PM by AL
(modified after loading)
FID1 A, (CAHPCHEMMWADATAZD13 30801 3021051514699 .00
pA 2
200+ E rgt;:ék
oo+ &
oo -
500 ﬁb
<00 r{f'b .-5'.@
B g &
300 w@"" |
200 g
100 h 1 Q
0] I i L
T T T T T
o 10 20 20 40 50 mi
TCkZ B, (CAHPCHEMWADATAZO13V 302V 308103 146299.0)
25 Uy o A "
@;{P : &
200 M isa’“ .r{\
o0
400 -
200
0 S
T T T T T
n} 10 20 20 A0 S0 mi
External 3tandard Report
Sorted Bv Retention Time
Calib. Data Modified 047092013 16:51:15 PH
Multiplier 1.0000
Dilution 1.0000
Sanple Awmount 1.00000  [wol%] [not used in calc.)

Sirnal 1: FIDL 4,
Signal Z: TCDZ B,

RetTime 3ig Tvpe Area Amt/Area Amouamt Grp Name
[min] [wol%]
——————— l--l--—-]--—— |- | | |
2,689 2 MM 1.08337e4 9.14322e-3 00, 05516 HZ
§.130 =M l.15221led Z.155695e-4 2.45527 Ar
11.275 2 - - - co
19,000 2 - - - CH4
25.872 = - - - coz
Totals : 101. 54042

Fesults obtained with enhanced integrator!

2 Warnings or Errors :

Warning : Calibration warhings (see calibration table listing)
Warning : Calibrated compoundi(s) not found

Gas GC 04/09/2013 16:53:42Z2 PM AE

Page 1 of &
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H, generation from glycerol with 200 ppm of catalyst 1 (200 mins).

Data File C:WHPCHEMS, LWVDATAYZ0L13%1307%13073103IGL4657.D Sample Name: L¥5-135
Z00 mins
Injection Date 3140742013 14:09:535 PM
Jample INanme L¥5-135 Location : ¥Wial 1
Acg. Operator : LY Ini
Inj Volume : Manually
Acog, Method C:\HPCHEM', 1\METHOD S\ WASSERST. M
Last chandged 3140742013 13:47:21 PM by AK
(modified after loading)
Analwsis Method : C:\HPCHEM\1\METHOD3“CAL1Z10.M
Last chandged 04,09/2013 17:00:04 PM by AK
(modified after loading)
FID A, (CAHPCHEMWVIDATAZ0 3 I07VI 3073101 G14657 .00
pA ] B
2500 : %ﬁ& ,ﬁ‘ﬂ
2000 s Ei?:
1500 "
5 5 &
1000 s o
5 e &
500 k e
03 h )
T T T T
a 10 20 20 S0 mip
TCD2 B, (CAHPCHEWWADATARZOAAZ0TI0TINEIG 14657 .0)
25 w7 E A B 3
20003 . rﬁé? ﬁ???
1750 gﬁ" i
15009 o =
12503 5 gé{b""
1UDD—; :.RSZ;D' o g
7503 o P o et
E : 3 L3
S00 3 ﬁ .%r\- g KX
2503 Ly o
03 L b T e
T T T T T T T
n] 10 (u] [u} S0 min
External Standard Report
Sorted By Retention Time
Calib., Data Modified 04/09/2013 16:59:50 PH
Multiplier 1.0000
Dilution 1.0000

Sample Amount l.00000 [wol

Jimmal 1: FID1 A&,
Jignal Z: TCDZ B,

RetTime Sigq Type Area Amt/area
fminl
——————— R e B Bl L et B
2,757 2 MM 8732.48633 9.77617e-3
§.495 2 MM Z2.79057ed  Z2,15778e-4
11.252 Z MM 51.458875 Z.5218%e-4 Z.
19,438 2 MM 12.24173 2.76108e-4 3.
Z25.860 2 MM 4.49944ed 1.57951le-4
Totals :

Fezults obtained with enhanced integrator
1 Warnings or Errors :

Warning : Calibration warnings (see calibr

Faz GC 04/09/2013 17:00:05 FPM AE

H, generation from ethylene glycol (2 h).

%] [(not used in calc.)

§5.37030
g.02144
05505e-2
38004e-3
g.45309

99.87378

ation table

listing)

Page 1 of Z
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Data File C:\HPCHEMNY1%DATAYZ013%1308%130817,3IG14715.D Gample Name: L¥5-157

Zzh

Injection Date @ 1770872013 15:035:18 PH

Gample Name i+ LY5-157 Location @ Wial 1
Lcog. Operator A Inj : 1

Injy Wolume : Manually
Ace, Method ¢ C:vHPCHEMY LWMETHODSTASSERST.H
Last changed i 1570842013 09:03:30 FM by &K
Analwysis Method : C:\HPCHEM\1\METHODSYCAL1Z10.HM
Last chatged r 124092013 12:20:31 MM by LY

(modified after loading)
FID &, (CAHPCHEWMMDATAZO10 3003031 SIG14715.0)

P b
400 o
250 t(sa(* va-;? -
200 P #
250 - = éL

g
2004 EhSa(} o
g K g

1003 G 3
50
| I | ATV
D_ T - T T T T
o 10 20 20 40 50 mi
TCkZ B, (CAHPCHEMWADATAZO1IV 302V Z081TAE 31471500
25wy o I A,
200 2 é‘
Foo '-r\ é r\
500 i .QSZ;}
500
400 -
200
200+
100 4 I\
0 —
T T T T T
n} 10 20 20 A0 S0 mi
External %tandard Report
Sorted By : Fetention Time
Calib. Data Modified 1270972013 08:258:15 PR
Multiplier H 1.0000
Dilution : 1.0000
Sanple Awmount : 1.00000  [wol%] [not used in calc.)

Sirnal 1: FIDL 4,
Signal Z: TCDZ B,

RetTime 3ig Tvpe Area Amt/Area Amouamt Grp Name
fminl [wol%]
——————— l--l--—-]--—— |- | | |
2,736 2 M l.06454=4 9.19437e-3 o7.87750 HZ
§.582 =M 1.45877ed4 Z.15711le-4 3.1487:2 Ar
10.500 2 - - - co
13.000 =2 - - - CH4
2k.go0 2 - - - coz
Totals : 101.02422

Fesults obtained with enhanced integrator!
2 Warnings or Errors :

Warning : Calibration warhings (see calibration table listing)

Warning : Calibrated compoundi(s) not found

Faz GC lZ/09/2013 l2:22:06 PM LY Page 1 of Z

H,; generation from sorbitol (2 h).



Data File C:WHPCHEMY1WZDATAYZ013%1301413012005TG14049.0

Zh

Injection Date : Z0/01/2013 19:32:11 PM

Sample Name : L¥4-074 Location : Wial 1
Acog, Operator LY Ini : L

Injy Volume : Manually
Acog, Method ¢ C:ZHPCHEMY LVMETHODS, WASSERST. M
Last changed 2070172013 11:23:32 PM by CC

(modified afrer loading)
Analvsis Method : C:\HPCHEM\1\METHODZ\CALlZ10.HM
Last changed 1 04/09/2015 17:14:55 PM by A

(modified after loading

Sample Name: LY4-074

FIDT A, (CAHPCHEMYVIDAT A0 2020120015 149040, [0

P
400
300 o
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Forted Ev : Retention Time

Calib. Data Modified : 04/09/2013 17:14:26 M

Multiplier : 1.000a0

Dilution H 1l.0000

Sample Amount : l.00000 [wol%] (ot used in calc.)

Sigmal 1: FIDL A,
Signal Z: TCDZ B,

RetTime 3ig Twvne Area Amt/hrea Amount Grp Hane
[minl [wal%]
——————— [-=l--—]-— |- | | |
2.875 2 MM 2035.12170 1.3918z2e-2 28.32517 H2
7.850 & MM 3.30744e5 2.17341le-4 71.55409 Ar
11.275 2 - - - co
19.000 2 - - - CH4
25.5947 2 MM 780.81372 1.8739%:-4 1.456323e-1 coz
Taotals : 100.35558

Bezults obrtained with enhanced integrator!
Z Warhihgs or Errors :

Warning : Calibration warnings (see calibration table listing)
Warning : Calibrated compound(s) not found

Faz GC 0470972013 17:14:56 PH AK

H, generation from industrial glycerol at 140 °C (24 h).
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Data File C:%HPCHEMY1ADATANZ2013%1312%131214831IG14971.D Jample Mame: lye6-106-3

24 h

Injection Date : 1471272013 10:55:42 M

Gample Name : lvwe-106-3 Location @ Vial 1
Acog. Operator HEN A Inj : 1

Ing Volume : Manually
Ace. Method : C:AZHPCHEMS IWMETHODSSWASSERST. M
Last changed : 1471272013 10:47: 22 FM by LY

[modified after loading)
Analvsis Method : C:\HPCHEMY 1\ METHODS\CAL1109.M
Last changed : 06/03/2014 16:45:09 PM by P3

(modified after loading)

FIGT A, [CAHF CHERTADAT A0 ZIZ 1241 312 190515 1407 1.0)
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Gorted By H Retention Time

Calib. Data Modified : 06/03/2014 16:41: 55 FM

Multiplier H 1.0000

Dilution H 1.0000

Gample Amount H 1.00000 [wol%] [not used in cale.)

Adimmal 1: FID1 4,
dignal Z: TCDz B,

FetTine 3ig Tvpe Area Ant/Area Amount Grp Name
[minl [vol%l
——————— |-=l-===]=———— |- | | == | — -
Z2.731 2 EBP 1.04392ed4 9,71277e-3 101.39340 HZ
5.587 2 PV 9663, 10059 2. 15686e-4 Z.08419 Ar
11.447 2 - - - co
19.566 2 EBP 12.97576 2.85033e-4 3.69851e-3 CH4
25.946 2 PV Z20.64616 1.87007e-4 3.86097e-3 coz
Totals : 1035.45515

Results obtained with enhanced integrator!
Z Warnings or Errors :

Warning : Calibration warnings (see calibration table listing)
Warning : Calibrated compound(s) not found
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