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Gas chromatography—-mass spectrometry (GC-MS)

Analyses were conducted on a TRACE 1300 gas chromatograph equipped with an Al 1310 autoinjector
and interfaced to an 1SQ 7000 quadrupole mass spectrometer (Thermo Scientific, San Jose, CA). A30 m x
0.25 mm i.d. column with 0.25 um thick TG-5SILMS stationary phase (5% phenylsiloxane-containing
methylsiloxane; TraceGold™, Thermo Scientific) was used for the separation of the reaction products at
1.5 mL/min flow rate of the helium carrier gas. Column oven temperature was isothermal at 40 °C for 3
min, then raised to 350 °C at 3 or 10 °C/min rate and held at 350 °C for 20 min. Samples (0.1 uL aliquots
of neat liquids) were injected in split mode with 1:100 split ratio and injector temperature of 275 °C. The
mass spectrometer was operated with electron ionization (El), and electron energy set to either 70 eV
(standard) or 12 eV (to reduce El-associated fragmentation of molecular ions). lon source and transfer
line temperatures were 250 °C and 300 °C, respectively. Mass spectra were acquired in the m/z 35-500
range with cycle time of 0.2 s. The system was controlled by Thermo Scientific’s XCalibur software (version
4.0), and data were processed with the Qual Browser module of the program.

Bomb Calorimetry

The gross heat of combustion (H.), or calorific value, of the oligo(amylene) (n = 1) was obtained using a
Parr 6725 Semi-micro Calorimeter outfitted with a Parr Calorimeter Thermometer according to the
standard method.’ Benzoic acid was used as the internal standard (e.g., spike) for the tests and to
calculate the energy equivalent of the instrument. Between each combustion measurement, the oxygen
bomb was disassembled and cleaned with distilled water. The gross heat of combustion (H. was
calculated from the average of three separate measurements. From the H. (kJ/g), the net heat of
combustion (H,) in kJ/g was calculated Eq. 1:*?

H. = H.—[21.96 x (weight fraction hydrogen of the analyte)] (2)

This equation deducts the enthalpy of vaporization of water, resulting from the complete oxidation of the
hydrogen contained in the analyte.



Ignition Quality Test (IQT) and Derived Cetane Number (DCN)

The derived cetane number of the oligo(amylene) (n = 1) (sample volume 100 mL) was collected by the
Southwest Research Institute” (San Antonio, TX) using an Ignition Quality Test apparatus according to the
published method.* The ignition delay time (t) for the fuel was measured (ms) and averaged over 32
combustion cycles. The DCN value was then calculated based on Tt and the equations found in the standard
method.

Elemental Microanalysis

In further support for the chemical identity and purity of the oligo(amylene) made in this report, elemental
microanalysis (C and H) of the product was made by Atlantic Microlab, Inc. (Norcross, GA).

Freezing Point

Analytical instrumentation was unavailable for measurement of the melting point of the oligo(amylene)
(n =1). Therefore, the oligo(amylene) (n = 1) (5 mL) was placed in a glass vial which was incubated in a
dry ice/acetone bath (=78 °C) for 1 h as a qualitative test of phase change.

Flash Point

The flash point data for the oligo(amylene) (n = 1) (sample volume 2 mL) was collected with a Grabner
Instruments MiniFlash FLP by the closed cup method.’

Density and Kinematic Viscosity

Density and kinematic viscosity of the oligo(amylene) (n = 1) was obtained simultaneously using an Anton-
Paar SVM 3001 Stabinger viscometer by the published method.® The instrument was injected with analyte
(~3 mL) and set to run from —20 to 40 °C in 5 °C increments.

Nuclear Magnetic Resonance Spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy of the oligo(amylene) was performed to ensure the
correct chemical constitution and qualitative purity. Solutions for NMR analysis were made by dissolving
the analyte (~20 mg) in deuterated chloroform (CDCl;, 1 mL). All data were collected on a JEOL ECZ 400
MHz spectrometer (*H at 400 MHz, *C at 100 MHz). Nuclear magnetic resonance data (free-induction
decay’s) were processed using ACD/NMR Processor software (Advanced Chemistry Development Inc.,
Toronto). All spectra were referenced to solvent or tetramethylsilane.
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Table 1 Bomb calorimetry data on the oligo(amylene) (n = 1).

Gross Volumetric Gravimetric
1 Net HoC ! ! Average Standard RSD Vi I
Run  Mass(g) HoC (k)/mol) Net HoC (MI/L) deviation  <1% Net HoC
o
(ki/g) (MJ/L) (MJ/kg)
1 0.3171  47.0419 4410.820 34.417
2 0.2710  46.7779 4384.420 34.211 34.290 0.111 0.323 43.946
3 0.2820  46.82 4388.630 34.244

HoC = heat of combustion



Table 2 Viscosity and density of the oligo(amylene) (n = 1)

Cell  Kinematic Viscosity Density

T(°C) (mm?/sec) (g/mL)
40 1.75 0.762
35 1.90 0.766
30 2.08 0.769
25 2.28 0.773
20 2.53 0.777
15 2.81 0.780
10 3.15 0.784
5 3.56 0.788
0 4.06 0.791
-5 4.71 0.794
~10 5.50 0.798
15 6.51 0.802
-20 7.85 0.805

Table 3 Ignition quality test (IQT) data and derived cetane number (DCN) for the oligo(amylene) (n =1)

Avg. Air Temp. (°C) Ignition Delay (ms) DCN

555.8 6.71 31.9




Zjw

Relative Abundance

= S} w P a1 o2} ~ @ ©
o o o o o o o o o o

S L b b b b b b b b b b b b b brea b b b bera beea

6€

144

f44

Jeie}

1S

L

(aueingjAyasIN) PH D

00T

g

¥ aInBi4

8392°€ IN ¥2T-S0°T LS 'S v ‘AV GET-VET ‘14 89E-G9E#

yead aueingjAyisw Jo (A2 0/) SIN-I3




Figure 4

Relative Abundance

100 o

90

80 3

70 3

60

50

40

30

20

10 3

EI-MS (70 eV) of methylbutene peak

#380 RT: 1.39 AV: 1 SB: 63 1.05-1.26 NL: 8.78E7

39

41

42

53

55

C.H,, (Methylbutene)

M*e

70

LARRA MAAR nARM RABM
100



Z/w

Relative Abundance

[
= N w IN & o2} ~ © © S}
o o o o o =} =} o S S =]
S L b b b b b beree b b b brrer bere b b b B b b b b
w
E ©
B
oS-
N
E =
»
E [N}
'
E »
N
&4 &
a
3
o
G4 el
a
E >
a
4 ~
o2}
o4
@
ad
E (9]
(2]
F o
~
] s O
E _
- —
~
34 Q
© —
3 e
E N
©
o
3 +
84 ®
©
a1
=
o
84

¥ ainBi4

830LC "IN 92'T-G0'T €9 :dS T ‘AV 0C°€ '1d TI6#

jead joyodje [Aweos! Jo (AS 0/) SIN-I3



Z/w

Relative Abundance

= N w B a D ~ o] ©o 'S
o S o o S o o o S S =]
Lo bernn b b b b b v b b b b b b b b b b bevie bt
i w
I ©
S IS
iy
B I
1— )
o]
e
E m— .
— a
o
3
3= 3
E — =3
mi,
S
o
[
21
84
o "
T o
N
N —
B+ g
3 ©
E u
B I
S
[ . =
= N
- —
w i -
S N )
E w O
i
3 @ AVAVAV VvV oY)
Ea o
3 =
5 ] 5 < 3
E z <
E + ~
=
[ O
51 g<— ° AVaVaVW VoWVl =
—
= & N / o
F ® © @ 3
] o =.
o - Q.
B @
3 N—
Z
5] 3
:, —_—
E (o]
RN
-
51 o
3 S—
=
© 3
o
o
o
g

(028

¥ ainBi4

239T°€ 7IN 9C'T-G0'T €9 'dS T 'AV GC¥ '1d TZCT#

yead aplwoiq |[Aweosi Jo (A2 0/) SIN-I3



Z/w

Relative Abundance

=
= S} w P a1 o2} ~ @ © =3

o S o S S o o o S o
Levre b bevrr b b b b b b b b b b b b b b b e et

w
©

0
|
144

. — s
o

S5

L
69

0oL

TL

10T

T0T 1L LOTS €V
O«

|

a4

¥ ainBi4

836T'€ "IN 92'T-G0'T €9 :dS ST ‘AV 9¥'8-Iv'8 '1d  8SVC-vivi#

yead Jay1a [AWeosip Jo (A3 0) SIN-I3



EI-MS (70 eV) of peak from the
diamylene (n=0) domain (RT:

Figure 4 #1659 RT: 574 AV: 1 SB: 63 1.05-1.26 NL: 1.45E7
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EI-MS (70 eV) of peak from the
7.58 min)

diamylene (n=0) domain (RT:

#2199 RT: 7.58 AV: 1 SB: 63 1.05-1.26 NL: 4.44E7
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Total-ion chromatogram (TIC) pot residue
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Relative Abundance

Total-ion chromatogram (TIC, 70 eV) of
tetraamylene from overnight heat

100 7

./

oligo(amylene)

T T T T T 1]
26 28 30 32 34 36 38
Time (min)




Zjw

Relative Abundance

=
B N w N [ <2} ~ 0 © o
o o o o o o o o o o o
Lovoaborn b bevr bvrvs b bvvra by bvesa b b e b bvvnn b brvns b bvr s b beran byl
1
— o1 @
o 9
© ™
T )]
+— 2 2 -
— [ f=}
/ ~
iy
E
~
— © fee)
— P
0]
w
| ©
3 © a
S ©
o1 ©
g ~
F on
r =
7—701\1 o
E P -
E =
~
,TE EI—‘
, = N
F ©oN w
4= [y [N
 — N
w

|
90¢g

(ausjAwe)obijo

Jeay 1YysiuJano wod) auajAweesal
JO (AD TT) SIN-13 paselany

|
8ve Ve gee

1221
921

LET

157"
ovT|

16T

‘\“\‘\M‘”
08T 99"[‘ GST
ST
61T G9T

80¢
L02

it
TZ¢C

(444

H“\‘H“
jejora

9€¢

w\m
6¥¢

0S¢

www“u
€92

v9¢

MU
182l “
8.z

e
26¢

€0¢e

61




	ESI_with_laszlo_2nd_changes
	RSC-Advances_GC-MS_eSI-Figures_MCDedit
	EI-MS (70 eV) of methylbutane peak
	EI-MS (70 eV) of methylbutene peak
	EI-MS (70 eV) of isoamyl alcohol peak
	EI-MS (70 eV) of isoamyl bromide peak
	EI-MS (70 eV) of diisoamyl ether peak
	EI-MS (70 eV) of peak from the diamylene (n=0) domain (RT: 5.74 min) 
	EI-MS (70 eV) of peak from the diamylene (n=0) domain (RT: 7.58 min) 
	EI-MS (70 eV) of peak from the diamylene (n=0) domain (RT: 9.14 min) 
	Averaged EI-MS (12 eV) of the diamylene (n=0) domain
	Averaged EI-MS (12 eV) of the tetraamylene (n=2) domain
	Averaged EI-MS (12 eV) of the pentaamylene (n=2) domain
	Total-ion chromatogram (TIC) pot residue oligo(amylene) fractionation
	Averaged EI-MS (12 eV) of the tetraamylene (n=2) of pot residue
	Averaged EI-MS (12 eV) of the pentaamylene (n=3) of pot residue
	Averaged EI-MS (12 eV) of the triamylene (n=1) in Figure 8
	Total-ion chromatogram (TIC, 70 eV) of tetraamylene from overnight heat
	Averaged EI-MS (12 eV) of tetraamylene from overnight heat


