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[bookmark: _Ref39664102]Figure S1. Room temperature 1H MAS NMR (a) and 13C MAS NMR (b) of 20 μl of glycerol and 75 psig O2 reacted over 50.1 mg dehydrated ZrO2 at 175°C.
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[bookmark: _Ref39658605]Figure S2. Heating set temperature vs experimental temperature as determined by a 250 μl ethylene glycol thermometer. Temperature expressed in degrees centigrade.



[bookmark: _Ref41042853]Table S1. Antoine equation constants for the vapor pressure of propylene glycol.
	Chemical
	C1
	C2
	C3
	C4
	C5
	Tmin (K)
	Tmax (K)

	Propylene Glycol
	212.8
	-15420
	-28.109
	2.16*10-5
	2
	213.15
	626
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[bookmark: _Ref41042934]Figure S3. Vapor pressures of propylene glycol and glycerol as a function of temperature.
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Figure S4. Vapor pressures of propylene glycol and glycerol as a function of temperature.

[image: ]
Figure S5. Vapor pressures of propylene glycol and glycerol as a function of temperature.

[bookmark: _Ref58670047]Table S2. Approximate system pressure at elevated temperatures used in this study.
	Temperature °C
	Vapor Pressure Glycerol (psi)
	Vapor Pressure Propylene Glycol (psi)
	Gas Pressure (psi)
	Total Pressure (psi)

	25
	~0
	~0
	75
	75

	133
	~0.05
	~1.8
	102
	104

	175
	~0.3
	~9
	113
	122

	217
	~2
	~30
	123
	155




[bookmark: _Ref41298701]Table S3. Predicted 1H and 13C chemical shifts of relevant compounds.
	Structure
	Chemical
	Δ 1Hcalc
	Δ 13Ccalc

	[image: ]
	Acetaldehyde
	CH: 9.79
CH3: 2.20
	CH: 199.9
CH3: 30.7

	[image: ]
	Acetone
	CH3: 2.13
	C: 206.4
CH3: 30.6

	[image: ]
	Acrolein
	OCH: 9.68
CH: 6.27
CH2: 6.28
	OC: 194.5
CC: 138.5
CH2: 137.6

	[image: ]
	Acrylic Acid
	C1OH: 12.05
C2H: 6.29
C3H2: 5.99, 6.64
	C1OH: 172
C2H: 127.5
C3H2: 134.1

	[image: ]
	Butyraldehyde
	OCH: 9.72
C2H2: 2.38
C3H2: 1.65
CH3: 0.98
	OC: 202.2
C2: 45.7
C3: 15.5
CH3: 13.6

	[image: ]
	CO
	
	

	[image: ]
	CO2
	
	124.2

	[image: ]
	2,3-Dihydroxypropanal
	C1H: 9.72
C2H: 4.46
C2OH: 6.18
C3H2: 4.13, 3.88
C4OH: 4.94
	C1: 200.8
C2: 92.1
C3: 59.2

	[image: ]
	1,3-Dihydroxypropan-2-one
	OH: 4.91
CH: 4.69
	C1,3: 66.4
C2: 201.3

	[image: ]
	(1,3-dioxolan-4-yl)methanol
	O2CH2: 5.4, 5.5
OCH2: 3.36, 3.61
OCH: 3.5
OHCH2: 3.51, 3.57
COH: 3.94
	O2CH2: 95.2
OCH2: 68.2
OCH: 78.1
OHCH2: 61.0

	[image: ]
	(2-methyl-1,3-dioxolan-4-yl)methanol
	CH3: 1.39
O2CH: 3.18
OCH2: 3.62, 3.87
OCH: 3.92
OHCH2: 3.51, 3.57
COH: 3.94
	CH3: 20.6
O2CH2: 105.3
OCH2: 66.7
OCH: 78.0
OHCH2: 61.3

	[image: ]
	1,3-dioxan-5-ol
	O2CH2: 4.87, 4.89
OCH2: 3.83, 4.08
CH: 3.78
CHOH: 5.77
	O2CH2: 94.3
OCH2: 71.6
CH: 63.5

	[image: ]
	2-methyl-1,3-dioxan-5-ol
	CH3: 1.32
O2CH: 4.5
OCH2: 3.83, 4.08
CH: 3.78
CHOH: 5.77
	CH3: 20.6
O2CH: 106.9
OCH2: 71.4
CH: 63.8

	[image: ]
	Formaldehyde
	9.6
	

	[image: ]
	Formic Acid
	OH: 12.6
CH: 8.05
	165.7

	[image: ]
	Glycerol
	C1OH: 3.94
C1,3: 3.5
C2: 3.06
C2OH: 5.77
	C1,3: 63.5
C2: 74.2

	[image: ]
	Propane-1,1,2,3-tetraol
	OH: 4.2, 4.2, 5.8, 3.9
CH: 5.6, 3.6
CH2: 3.6, 3.5
	CH: 92.9
CH: 83
CH2: 60.1

	[image: ]
	Glycidol
	OCH2: 2.36, 2.61
CH: 2.54
CH2: 3.51, 3.57
OH: 4.94
	OC1H2: 43.9
C2H: 54.5
C3H2: 63.1

	[image: ]
	Glyoxal
	9.69
	190

	[image: ]
	3-hydroxypropanal
	OC1H: 9.72
C2H2: 2.59
C3H2:  3.86
OH: 6.34
	OC1H: 202
C2H2: 45.4
C3H2:  54.8

	[image: ]
	1-(hydroxymethoxy)propan-2-ol
	OH: 4.12
OH: 5.37
CH2: 5.61
CH: 3.9
CH2: 3.63, 3.38
CH3: 1.11
	CH2: 89.5
CH: 67.7
CH2: 76.4
CH3: 19.8

	[image: ]
	1-(1-hydroxyethoxy)propan-2-ol
	OH: 4.52
OH: 5.37
CH: 5.5
CH: 3.9
CH2: 3.63, 3.38
CH3: 1.39
CH3: 1.11
	CH: 106.8
CH: 68
CH2: 73.9
CH3: 17.9
CH3: 19.8

	[image: ]
	2-(hydroxymethoxy)propan-1-ol
	OH: 4.12
OH: 4.94
CH2: 5.61
CH: 3.4
CH2: 3.57, 3.51
CH3: 1.32
	CH2: 86.7
CH: 76
CH: 67.3
CH3: 17.3

	[image: ]
	2-(1-hydroxyethoxy)propan-1-ol
	OH: 4.5
OH: 4.9
CH: 5.5
CH: 3.4
CH3: 1.32, 13.9
CH2: 3.57, 3.51
	CH: 104
CH: 73.5
CH2: 67.6
CH3: 18.2, 17.6

	[image: ]
	3-(hydroxymethoxy)propane-1,2-diol
	HOC1: 3.94
C1H2: 3.53, 3.59
C2OH: 5.77
C2H: 3.8
C3H2: 3.38, 3.68
C4H: 5.61
C4OH: 4.12
	C1H2: 63.8
C2H: 70.7
C3H2: 70.2
C4H: 89.5

	[image: ]
	2-hydroxypropanal
	OH: 5.48
CH: 9.72
CH: 4.56
CH3: 1.26
	CH: 200.8
CH: 85.7
CH3: 15.8

	[image: ]
	1-hydroxypropan-2-one
	OH: 4.91
CH2: 4.69
CH3: 2.24
	C: 203.1
CH2: 73.9
CH3: 25.6

	[image: ]
	H2O
	4.8
	

	[image: ]
	Methylglyoxal
	CO: 9.69
CH3: 2.17
	C1O: 190.0
C2O: 196.5
CH3: 25.2

	[image: ]
	Prop-1-en-2-ol
	OH: 16.77
CH3: 1.99
H: 5.1
H: 5.04
	C: 171.5
CH2: 70.6
CH3: 27.2

	[image: ]
	Prop-1-en-1-ol
	OH: 12.58
CH3: 2.05
H: 4.85
H: 5.76
	CH: 168.6
CH: 103.4
CH3: 12.2

	[image: ]
	Prop-1-en-1,2-diol
	OH: 16.77
OH: 12.58
CH3: 1.99
H: 4.85
	C: 150.1
CH: 133.3
CH3: 20.1

	[image: ]
	2-Propenol
	C1H2: 5.31, 5.43
C2H: 6.07
C3H2: 4.18
OH: 5.05
	CH2: 114.9
CH: 137.5
CH2OH: 63.3

	[image: ]
	Propionaldehyde
	CO: 9.72
CH2: 2.44
CH3: 1.04
	CO: 202.2
CH2: 37.3
CH3: 6.5

	[image: ]
	Propylene Glycol
	C1OH: 4.94
C1H2: 3.56
C2H: 3.7
C2OH: 5.37
CH3: 1.11
	C1OH: 67.8
C2OH: 68.5
C3H3: 19.5

	[image: ]
	Propylene Oxide
	CH2: 2.61, 2.36
CH: 2.96
CH3: 1.32
	CH2: 47.5
CH: 49.8
CH3: 19.1

	[image: ]
	Valeraldehyde
	C1O: 9.72
C2H2: 2.38
C3H2: 1.58
C4H2: 1.38
CH3: 0.93
	C1O: 202.2
C2H2: 43.2
C3H2: 24.3
C4H2: 22.2
CH3: 13.8
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[bookmark: _Ref42001255]Figure S6. Commonly proposed scheme for the oxidative degradation of glycerol.

[image: ]
[bookmark: _Ref42021287]Figure S7. Radical formation mechanism for glycerol.
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[bookmark: _Ref41299039]Figure S8. 1H (top) and 13C (bottom) MAS NMR spectra of 100 μl glycerol in O2 heated to various temperatures prior to cooling to monitor the thermal degradation processes taking place. The sepctra represent different pressures of 1(left) and 15 (right) psig.

[image: ]
[bookmark: _Ref41299707]Figure S9. 1H (left) and 13C (right) MAS NMR spectra of 20 ul glycerol in 75 psig O2.
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[bookmark: _Ref41302089]Figure S10. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 20% formaldehyde (balance water) in N2.
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[bookmark: _Ref41302092]Figure S11. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 20% formaldehyde (balance water) in 75 psig O2.

[image: ] [image: ]
[bookmark: _Ref41302114]Figure S12. Scheme for acetal formation from water (top) and glycerol with formaldehyde or acetaldehyde (bottom).
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[bookmark: _Ref41303578]Figure S13. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 13C-acetaldehyde in N2.
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[bookmark: _Ref41303579]Figure S14. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 13C-acetaldehyde in 76 psig O2.
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[bookmark: _Ref42021103]Figure S15. Proposed decomposition pathways for propylene glycol.
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[bookmark: _Ref42021180]Figure S16. Pathway for propylene glycol radical formation.
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[bookmark: _Ref41305108]Figure S17. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 0.5% acrolein in H2O and N2.

[image: ]
[bookmark: _Ref41305110]Figure S18. 1H (left) and 13C (right) MAS NMR spectra of 20 μL 0.5% acrolein in H2O and 75 psig O2. CO2 is the only peak in common with the mixed propylene glycol and glycerol experiment.

[image: ]
Figure S19. Decomposition pathway for formaldehyde.

[image: ]
[bookmark: _Ref42104874]Figure S20. Time sequence of in situ 13C MAS NMR of 20 μl glycerol (black), 20 μl propylene glycol (red), and a mixture 20 μl/20 μl (blue) in 75 psig O2.


[image: ]
[bookmark: _Ref41325577]Figure S21. 13C NMR spectrum of 18.7 mg Cr2O3 with 75 μL of propylene glycol, 75 μL of glycerol in the absence of O2 after thermal treatment at 175°C for 30 hours and 220°C for 10 hours.

[image: ]
[bookmark: _Ref41325944]Figure S22. 1H (left) and 13C (right) MAS NMR spectra 86 mg Cr2O3 with 20 μL propylene glycol, 20 ul glycerol, and 75 psig O2.

[image: ]
Figure S23. 1H (left) and 13C (right) MAS NMR spectra of 51.3 mg ZrO2 with 20 μL propylene glycol, 20 μl glycerol and 76 psig O2.

2

image7.png




image8.emf
O


image9.emf
O

OH


image10.emf
O


image11.emf
C

- +

O


image12.emf
C O O


image13.emf
O

HO

OH


image14.emf
O

HO OH


image15.emf
O

O

OH


image16.emf
O

O

OH


image17.emf
O

O

HO


image18.emf
O

O

OH


image19.emf
O


image20.emf
O

HO


image21.emf
OH

OH

HO


image22.emf
OH

OH

HO

OH


image23.emf
O

OH


image24.emf
O

O


image25.emf
O

OH


image26.emf
O OH

OH


image27.emf
O OH

OH


image28.emf
O

OH

OH


image29.emf
O

OH

OH


image30.emf
O

OH

HO OH


image31.emf
OH

O


image32.emf
O

OH


image33.emf
H

O

H


image34.emf
O

O


image35.emf
OH


image36.emf
OH


image1.png
10

5 PPM

—— Static
—— MAS

u
o
o J




image37.emf
OH

OH


image38.emf
HO


image39.emf
O


image40.emf
OH

OH


image41.emf
O


image42.emf
O


image43.png
glycerol

o\/\

acrolein

elycidol

o
\)j\

> OH
acrylic acid

o/\/\OH ____, =0

3 hydroxypropanal formaldehyde

P

acetaldehyde




image44.emf
OH

OH

HO

glycerol

OH

OH

HO

OH

OH

HO

OH

OH

HO

OH

OH

HO

OH

OH

HO

OH

OH

HO

OH

OH

HO

OH

HO

HO

O

2

O

OH

-

H

O

2

-

O

H

O

+

G

l

y

c

e

r

o

l

HO

O

2

O

HO

+

G

l

y

c

e

r

o

l

O

+

Gl

y

c

e

ro

l

-H

2

O

-

H

2

O

2

OH

OH

HO

HO

2

&

+

OH

+


image45.png
o

B

10

10

PPM

PPM

100
PPM

150

200

PPM




image46.png
—

i

x6 l
AN

WWWWW%

10 8

PPM

—30°Cgina
—175°C co,
—133°C
h —25°C
6 4

T
2 0

r T T T T
180 160 140 120 100 80
PPM

60




image2.png
250

200 +8.8374

9998

50

0 25 50 75 100 125 150 175 200 225 250

set




image47.png
25uCFinaI

60

—133°C
—25°C L
E2 Mo
N
E3
Mi3 \ / k
10 8 6 2 0 100 o5 90 85 80 75 70 65 i
PPM

PPM




image48.png
—25°C

Final

——133°C

—25°C )
~ co

I 2 J
B : :
‘IIO EIS (I) 2(|)0 1%0 1(|)0 5|0 (I)

PPM PPM




image49.emf
O

formaldehyde

C

- +

O

carbon monoxide

O

HO

formic acid

C O O

carbon dioxide

+O

2

 -H

2

O

-H

2

R-OH

O

H

H

R

O

OH

OH

OH

HO

glycerol

OH

OH

propylene glycol

+

HO

O

O

OH

n


image50.png




image51.png
—25°C Final

. B ——133°C 13 hour
25 (3 /\o —133°C
—133°C A 25°C

25°C Liquid Liquid || Gas
M AN KJ; Gas
Jen
175 Hz " .
25 Hay i M
S
A
1
B
e W Ei—— :
1I2 1I0 é é All é (I) 2(I)O 1 éO 1 (I)O 5‘0 (I)

PPM

PPM




image52.png
—25°C

Final

—133°C
—25°C

)-

PPM

100
PPM

50




image53.png
on

P

HO  acculdelyde  fonmaldeyde

/lv°~< w L — L

on acetone

Shydopersypropane- 2l
)\ /mm it popal formaton oo

)\/""

wwwhrwmnk- NN o~ NN

2-propenol

Surface-Mediated Il :

X
—~ .

III‘H' o\)l\
PERpe





image54.emf
OH

OH

propylene glycol

OH

OH

OH

OH

OH

OH

O

OH

O

OH

O

OH

O

2

O

2

O

2

OH

OH

O

OH

OH

-OH

-HO

2

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

OH

HO

2

-OH

-HO

2

O

O

OH

-H

2

O

-H

2

O

2

+propylene glycol

+propylene glycol

+propylene glycol

&

&

OH

+

+


image55.png
- 25°CFinal

12

——133°C
—25°C
WWMMMMMMM
P ot daaiia e VW,
r T T T T 1 T T T T s 1
10 8 6 2 0 200 150 100 50 0
PPM PPM




image56.png
co,

12

- 25oCFinaI
——133°C
—25°C Wm
| | | . WWWWW I |
10 6 0 200 150 100 50 0
PPM PPM




image3.png
Pressure (psi)
=N w g o 9 =N @ ® ©
o & 8 & g 38 3 8 8

e Propylene Glycol

== == Glycerol

--—

50 100 150 200
Temperature (°C)

300




image57.png
'O=cC
carbon monoxide

-H,
, M0 o o=—c=—o0
fom]aldehyde \ carbon dioxide
HO \o
formic acid
(0]
R-OH + JL - . NG
H H R
oH OH
HO\)\/OH /k/ o
propylene glycol

glycerol

n

OH




image58.emf
200 150 100 50 0

150°C - 135 hours

150°C - 95 hours

150°C - 26 hours

200°C - 23 hours

150°C - 42 hours

150°C - 2 hours

PPM

x15

150°C - 36 hours

Glycerol

Propylene Glycol

Mixture


image59.emf
200 150 100 50 0

PPM


image60.png
——220°C
——133°C

MM
LN

Ju \

"

25°CFinaI M 7\ _13300
A
X190 M_—&A}«_
1I0 S é

PPM

200

150

100
PPM

50

0




image61.png
x10

Y,
e

Lw

—175°C
—133°C
—25°C

PPM

T T
200 150 100
PPM

50




image4.png
Pressure (psi)

25

e Propylene Glycol

== == Glycerol

45 65 85 105 125 145 165

Temperature (°C)




image5.png
20
18
1.6

_ 14

@

g2

e
5 1.0
?
208

% 06
0.4
0.2
0.0

25

e Propylene Glycol

== == Glycerol

85 105 125
Temperature (°C)

145

-
-

165

rd




image6.emf
O


