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Agilent Low Thermal Mass (LTM) module

- Fast GC analysis
(1200 C/min) el

- Independant column

temperature control il o
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High Speed CGC
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Low Thermal Mass GC Technology

' Sensor  GC Column \

Conductive Foll

Sensor

GC Column

Heating Wire
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Cross Seclion of Torus

Low Power GC Torus US6,682,699
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Cool Down Time Comparison

Comparison of Cool Down Time LTMGC vs. Agilent HP-6890A

LTMGC: 5 meter, 0.1 mm id, 0.12 micron DB-1
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Typical Hydrocarbon Index Analysis by GC

4.207

(App note 5988-0621EN)

15m x 0.53 mm id x 1.5 pm HP-1
He: 7.4 mL/min, constant flow

35 C(1.5min) > 60 C@ 5 C/min
— 350 C (5 min) @ 15 C/min

13.331

22.535

30 min

|

min
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Mineral Oil Calibration 100 mg/L

Response
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Extra: sensitivity gain

Response_

Signal: SENS-TESTO7.D\FID1A.ch
Signal: SENS-TESTOS5.D\FID1A.ch (%)

2800000
2600000
2400000

2200000 3 min run

2000000
1800000 30 min run
1600000
14400000

1200000+

1000000+

800000,

600000+
400000

200000 \

Time
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Residual solvent analysis
LTM method (2.6 min)

Response__

Signal: TEST5.D\FID1A.CH

300000 > 44

280000
260000
240000+
220000 DMAC
200000+
180000

1.71 2.03
160000

140000

120000

100000

80000

60000/
0.58

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60

2.6 min

Time
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Repeatability:
Retention Times and Area RSD
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Compound Mean S RSD (%)
Methanol 0,888 0,0005 2,85
Pentane 1,054 0,0005 0,77
Ethanol 1,085 0,0000 3,90
Ether 1,110 0,0000 1,25
Aceton 1,180 0,0004 2,28
2-Propanol 1,213 0,0004 4,93
Acetonitrile 1,246 0,0004 3,30
Dichloormethane 1,284 0,0005 3,50
t-Butanol 1,303 0,0000 5,18
Hexane 1,402 0,0005 1,47
Propanol 1,444 0,0004 4,68
Ethyl acetate 1,549 0,0000 2,93
Chloroform 1,603 0,0004 3,81
Cyclohexane 1,661 0,0005 1,71
Benzene 1,713 0,0000 2,73
Butanol 1,785 0,0007 541
1,4-Dioxane 1,874 0,0005 7,70
4-Methyl-2-pentanone 1,985 0,0004 8,21
Toluene 2,028 0,0000 3,10
Butyl acetate 2,130 0,0004 7,03




Ultra fast SHS-GC-MSD of VOCs In water

e SHS:

— 10 mL water sample in 20 mL vial

— 80 C — 10min equilibration (MPS2 sample prep-ahead !!)

— 1 mL injection, Split 1:20
e 20mx0.18 mmid x 1 pum DB-624
* Helium: 279 kPa (70 cm/s, 2.5 mL/min@40 C)
« 40 C-30s5-100 C/min—-260 C-30s
 MSD: fast scan, m/z 40-350 (19.5 scans/sec)
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Ultra fast SHS-GC-MSD: EPA Volatiles

Abundance

TIC: VOC-fd9.D
280000

260000-
240000"
220000"
200000"
180000"
160000" 20 pg/L in water
140000
120000"
100000"
80000
60000
40000-
20000" U

J 3.2 min
W'“"WWIMNMWWW
O\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\L‘T'»\J\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
0.200.400.600.801.001.201.401.601.802.002.202.402.602.803.003.203.40

Time-->
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Abundance

220000

200000

180000

160000

140000

120000

100000

80000

60000

40000

20000

1.721.741.76 1.

Time-->

1.74

1.76

‘Deconvolution’ of critical pairs

TIC: VOC-fd9.D

Abundance

26000
24000
19.2.01 22000
20000
18000
16000
14000

12000

1.80

1.83

1.87

10000
8000
6000
4000

1.90 2000

0 BD(BOCET \GHED
BB OO \GHED

1.65
Time-->

y81.801.821.841.861.88

1.901.921.941.961.982.002.02

e
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Fast LTM analysis of PAH

Order Mean tg
of elution Compound name (min) o % RSD
20 m X 180 p‘m ID X 018 l"lm DB 5MS 1 Naphthalene 2850 0.000 0.00
i Abund 2 Acenaphthylene 3.280 0.000 0.00
undance 9) : 3 Acenaphthene 3326 0000  0.00
as00000 40 C (09 87 C/mln 4 Fluorene 348 0.000 0.00
1 5 Ph th 3825 0.000 0.01
240 C—11 C/min —
8500000 6 Anthracene 3.846 0.000 0.00
300 C (8 35 ’) 7 Fluoranthene 4429 0.001 0.01
‘ 8 Pyrene 4583 0.001 0.01
7500000 A 9 Benz(a)anthracene 5.654 0001 002
5.6 10 Chrysene 5.693 0.001 0.01
6500000 1 1 Benzo(b)fluoranthene 6.979 0.001 0.02
12 Benzo(k)fluoranthene 1.016 0.002 0.02
5500000 7.8 13 Benzo(a)pyrene 7.405 0.002 0.02
14 Indeno(123-cd)pyrene 8.910 0.002 0.02
15 Dibenz(ah)anthracene 8.968 0.002 0.02
4500000 2 16 Benzo(ghi)perylene 9.278 0.002 0.02
Average 0.001 0.01
2500000 g-10
11
2500000 13 15
16
1500000 14
L00000
I T T I- I T T T T I T T T T I T T T T I T T T T I T T T I T T T T I T T T T
2.00 3.00 4.00 5.00 6.00 TW 8.00 9.00
Time Agilent app note # 5990-3451EN )
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Soil extract - GC-MS In scan/SIM — scan trace

INJ @ 213-392kPa INJ @ 10kPa

QS@28 kPa QS@250kPa

TIC: mach-seq-63.D\DATA.MS

8e+07

7e+07-

6e+07 -

-25%

A
\ 4

5e+07

4e+07
3e+07 M

2e+07

MJJW No BF

jrr T[T 1 [T T [ T [ T T [ T T [ T T T T [ T T T T | T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T
3.00 4.00 5.00 6.00 7.00 8.00 9.0010.0C€11.0C12.0C€13.0C14.0C15.0C16.00

Time--=>
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Soil extract - GC-MS In scan/SIM — SIM trace

Abundance
TIC: mach-seq-28.D\DATASIM.MS
1.6e+07 " SR
5-6 oooooo TIC: mach-seq-28 D\DATASIM.MS
1.4e+07! |  +scooe
1.2e+07! | |7 °TeeeT )
! 910
1e+07! | | = sococeo
4 g
soooooo|! || | ©  mooeee
T 11-12  Benzo(e)pyrene
6000000/ || || = zsceeo
oooooo 13 Y 15
4000000 (|| || ~  wweoee LJWJ\JLL // \ j/
ooon 6
2000000 | | | |
1 9-10 e — =-50 S-00 S-s0 7.00 7.50 s8.00 8.50 S.00 5. 56
Wl

N
\\‘\\\\\\\\‘\\\\‘\\\\‘

\
3.00 4.00 5.0

6.00 7.00 8.0

\
9.0010.0C€11.0C12.0C13.0C14.0C15.0C16.00
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Blank run after soil extract - scan trace

No BF

With BF

for Chromatography
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Check-out sample after soil extract sequence
scan trace

Abundance
TIC: mach-seq-02.D\DATA.MS
8000000 ] TIC: mach-seq-16. D\DATA.MS (*)
TIC: mach-seqg-27.D\DATA.MS (*)

7000000
6000000, after 10 samples
5000000] without BF

| before samples =
=000000] after 10 samples
2000000 W\M USing BF
1000000 U\f/\wd

U Lﬁ%@@

(@)

O T L B B T | — LI — 1 T Tt | r T T T | T T T T [ T T T T [ T T T T ] T T
6.50 7.0 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50

Time--=>
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CFT based 2D-GC

to column 2
from column 1
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Deans Switch principle — 1D analysis (FID1)

S/S Inlet
25 psig

2 mL/min

1 mL/min

Column 1

2 mL/min

Restrictor

FID 2

()
Column 2

3 mL/min

_loven wall

XEPC or
PCM

12 psig

solenoid valve
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Deans Switch principle — ‘heart cut’ to 2D GC

column
2 mL/min 3 mL/min
FID 1 WW
Restrictor
S/S Inlet
25 psig

Column 1

2 mL/min

i Oven Wall

XEPC or
PCM

12 psig

solenoid valve
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Suspected Flavor and Fragrance Allergens in Perfumes

Abundance

Signal: 2D3-11.D\FID1A.ch

900000
800000
700000
600000
500000

400000

300000

20

200000

100000

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
. b o é.% ; >
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Suspected Flavor and Fragrance Allergens in Perfumes

Abundance

1000000 Signal: 2D2-11.D\FID1A.ch

900000
800000
700000
600000
500000

400000

3000009

2
cuty 20 Lyral *
200000 Cutl [ cut 3

100000 l l
Lo

L
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
‘ ® “,_;" é‘a :: -
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Fraction 3 T1=T2=50 C (1 min) - 8 C/min-270 C

Abundance

4.2e+07 H
A

3.4e+07

2.6e+07

Lyral 2 +?
A/”///’/’f’

1.8e+07

le+07

-
éyral 1

2e+06

Fraction 3 T1#£T2; T2=50 C (25 min) - 6 C/min - 250 C

le+07

5e+06

1

46.50 47.00 47.50 48.00 48.50 49.00 49.50 50.00 50.50 51.00 51.50

&
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Linalool analysis in essential oil on chiral GC column

(CycloDex-B)
2000000 4
1800000 -
1600000 -
1400000 —
@ 1200000 4 _ Wi g
d ] Potential L.l“'
E 1000000 interferents
< 800000 - Stationary phase
n —J% bleed
600000 f
400000: Extended time at
200000 - final temperature
i A
S ™

2.00 6.00 10.00 14.00 18.00 22.00 26.00 30.00
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Linalool analysis in essential oil on 1GC column

(HP-1MS)
450000 — Linalool
2 350000 —
2 250000 -
g —
oc 150000 - 9
5(](](](]_||||||||||||||||IllIj\T‘I—ILNI—IILlll-IIllllllIllllll.ll||J||||||||||ILlll|||||||A~ILIII|IIII|IIII|
0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00
Time
450000
% 350000 H
S 950000 4 Heart-cut zone
& 150000 - J L ' l h
50000 e Ll L A
||||||||||||||||||||||IIII|IIIII|||||||||||||||||||||||||||||||||||||||||||

0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00
Time
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2DGC analysis of fraction 8.5-8.9 min
T1=T2=70 C(1 min)-10 C/min—200 C

450000 - |
Linalool

400000 + (No chiral separation)

350000 /

300000 H
S
S 250000 -
= Stationary phase
E 200000 - bleed

150000

100000 H

50000 — L//"’M

N
D IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Time

Agilent app note # 5990-3428EN
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2DGC analysis of fraction 8.5-8.9 min

T1#£T2; T2=80 C (9 min)-1 C/min-100 C
45000
40000 5
35000 — Separation of
SUUUU—f enantiomers
3 ] \
525000—:
=
220000
<< ]
15000 r|
10000—3
5000 -
0 N - N it L-—-M
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

Time

Agilent app note # 5990-3428EN
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Determination of PAHs in Mineral Oil (Food Grade Oil)
Dim 1: HP-5MS — Heart-cut of B(b)F, B(k)F and B(a)P

)
Abundance fraction
Ry Aindl Cearson DgDOHCWAN
1800000,
1600000

raeeceel OlIL: 100 mg/mL
r=o0000 1 UL inject
reoccco /10 split

soococo. =10 g on-column

600000/

400000+

200000/




Determination of PAHs in Mineral Oil
direct analysis by GC-MSD

Oil & ol spiked
@ 100 ppb
(1pg OC)

BaP
BbF BKF 10 ppb ref=1 pg OC
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Determination of PAHs in Mineral Oil
direct analysis by GC-QQQ

+MRM (228.00000 -> 226.00000) oi-2-2.D
b 2 3t
21.260
+MRM (228.00000 -> 228.00000) oi-2-2D
| t Ol spiked @ 100 ppb (1 pg OC)
il
|
+MRM (252.00000 -> 250.00000) oi-2-2D
h P 3
23579 24240
A A
+MRM (252.00000 -> 252.00000) oi-2-2D
b 2 . 4
3 23639 oo 3
N\ k 25673 25,955
+MRM (276.00000 -> 274.00000) oi-2-2.D
h P 3
6347 2687
I ¥ S — L T
+MRM (276.00000 -> 276.00000) oi-2-2.D
b 23 W gur 268

21319 21.715

y

202 04 206 08 21 212 214 216 218 2 22 204 06 V8 B

22 B4 26

238 24 242 244 246 48 25 252 254 256 B8 B 262 %64 266 %68 27 272 274 206 718

Viia Aamiidaltiam Thaaa faalal

? RIC
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Determination of PAHs in Mineral Oil (Food Grade Oil)

analysis by 2DGC-MSD
Dim 2: DB-17 — Analysis of B(b)F, B(k)F and B(a)P fraction

Abundance

550/

500

450

400

350

300

250

2001

150

100

50

20.0

Time-->

TIC: Fin oil_Deans on_10ng.D\datasim.ms

.

OIL

B(b)F

B(k)F
B(a)P

100 ppb

N—

T T ‘ T 1T ‘ T T T ‘ T 1T ‘ T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T 1T ‘ T T 7T ‘ T 1T
C21.0C22.0C23.0C24.0C25.0C26.0C27.0C28.0C29.0C30.0C31.0C32.0C33.00
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Determination of PAHs in Mineral Oil
direct analysis by GC-QQQ

+MRM (276.00000 -> 276.00000) oil-2-4.D Smooth
x102 |Noise (PeakToPeak) = 886.95; SNR (26.345min) = 2.9

26445

0.984
26.820
0.964 99

o Oil spiked @ 10 ppb (0.1 pg OC)

%61 262 263 264 265 266 267 268 269 27 271 212 213 274 215 216 2717 278 219 28 281 282 283 284 285 286 287 288 289 29
Counts (%) vs. Acquisition Time (min)
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Determination of PAHs in Mineral Oil

analysis by 2DGC-QQQ

+EI MRM CID@** (276.0 -> 276.0) sample-2_DB17ms_10ppbsp_6.D
x102 Noise (PeakToPeak) = 1315.00; SNR (52.847min) = 8.8

4 *51.661
0.91 8.1
0.8
0.7

0.6+

* 1(123cd)Pyr

0.3

B(ghi)Per

0.

o

0.

S
!

0.2+

0.14

+EI MRM CID@** (276.0 -> 274.0) sample-2_DB17ms_10ppbsp_6.D Smooth
x10 2 |Noise (PeakToPeak) = 165.44; SNR (51.660min) = 11.7

4 51,

0.9+

Oil spiked @ 10 ppb
(0.1 pg OC)

0.8+
0.7
0.6
0.5+

0.4+

52.420 52.586
0.6 0.6

52.200
0.4

504 506 508 51 512 514 516 518 52 522 524 526 528 53 532 534 536 538 54 542 544 546 548 55 552
Counts (%) vs. Acquisition Time (min)
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Determination of Genotoxics in APl

« Matrix
— Non-volatile (semi-volatile)
— Wide polarity range (log P from < 0 to > 6)
— Stability ?
 Concentration:
— Target LOD: 1 ppm =1 ug/g drug substance

— This 1s about 3 orders of magnitude lower than classical
QC (purity determination)




Halo-alcohols (TMS der) in Carbamazepine
on Dim 1 - scouting run

TMS-ethers of 2-bromoethanol (1), 2-iodoethanol (2), 4-chloro-1-
butanol (3), 2-(2-chloroethoxy)ethanol (4), 11-bromo-undecanol (5)

Response_

500000
450000
400000
350000
300000
250000
200000
150000
100000

50000

|

API1
(TMS)
4 5

API 2
(TMS)

NI

8.00

L N O L L L A |
10.00 12.00 14.00 16.00 18.00 20.00 22.00
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Halo-alcohols (TMS der) in Carbamazepine
(1 ppm) on Dim 1 with and without heart-cut

Response_

70000
65000
60000
55000
50000
45000
40000
35000
30000
25000
20000
15000
10000
5000

WWWW

L e O A B A O B B
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
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Abundance

SO0
500
e ele]
=00
=200
100

o

I IEOCDOAES OO TS A SORT \sheohaeaeadames AU NSNS

Time—-——=—
Abundance

T T T
10. 00 10.50 11 .00

IO EESCDOCER A ESS A SOkt \shoeohaaadhaymais AU NI SanNAGS

T
11 .50

TrNme—-——=
Abundance

1500

1000

5007

o

10.00 10.50 a1 .00

1A1.50

Time-—-——=—
Abundance

OO0
2500
20004
1500
1000

5004

o

1o 0o 1o0.so 11 . oco

11 so

TrNm e —-——=

T
10.50

10.00

11 .00

T
A1 .50

Research Institute
for Chromatography



Abundance

Time-->
Abundance

Time-->

RPRNNOWAMOO
aououwouounoun
O00000000000

PN WM O O N 0O O O
O O 0O OO0 oo o o
O O 0O OO0 oo o o o

Dim 2
TMS-ether of 11-bromo-undecanol (5)
C 5
Multi heart-cut

13.00 14.00 15.00 16.00 17.00 18.00 19.00

lon 169.00 (168.70 to 169.70): 5ng-API_valve onallcmpds_4.D\DATASIM.MS (*)

| Single — wide heart-cut

1‘" R I C Research Institute
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PCBs in Food Products

GC-UECD profiles of PCB extracts:
Watch metabolism = co-planar PCBs?

PCB 180 PCB 138 PCB 180

PCB 138

’ MMMJMMM MMMMWMM w I

Aroclor 1260 Mink
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PCB analysis by GC-GC-MS:
30 x 250 HP-5 (FID) + 30 x 250 DB-17 (MS)

Signal: TEST-01.D\FID1A.ch
70000

60000
50000/

40000/
30000/ LJW
20000+

T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T T 7T ‘ T T 7T ‘ T 1T ‘ T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T T T ‘ T T 7T ‘ T 1T
9.0010.0C11.0C12.0C13.0C14.0C15.0C16.0C17.0C18.0C19.0C20.0C21.0C22.00

Signal: TEST-06.D\FID1A.ch (¥)
70000

60000 Heart-cut PCB 169
50000
40000
30000

20000 UUU

T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T T 7T ‘ T T 7T ‘ T 1T ‘ T 1T ‘ T T 7T ‘ T T T ‘ T 1T ‘ T T T ‘ T T 7T ‘ T 1T
9.0010.0C11.0C12.0C13.0C14.0C15.0C16.0C17.0C18.0C19.0C20.0C21.0C22.00
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PCB analysis by 2DGC-MSD:
30 x 250 HP-5 (FID) + 30 x 250 DB-17 (MS)

IoN3B0ADEER O30 O TESIFOZ/ DDA SNVING

PCB 169 spiked
soo! In Aroclor mixture

B B o e S I e o e e o A B e e e I e B o L B e e S

10N IBOADEER O ) TESFGEODNZSNVNER)

500] Aroclor mixture
PCB 169 @ < 0.01% l

B B o e S I e o e e o A B e e e I e B o L B e e S
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PCB analysis in milk powder by 2DGC-QQQ:
30 x 250 HP-5 (FID) + 30 x 250 DB-17 (MS)

x102 |+EI TIC MRM (** -> **) milk-01.D
14 34042 12 2[3 34 45

0.9+
0.8+
0.7+

0.6

. e PCB 153

041
35.010
vs] 37.134 30.028 40.606 P C B 1 8 O

0.2
42.284

’ I
0 0,

x10 2 |+EI TIC MRM (** -> **) mix3-5ppb-IS-MRM.D
14 34.252 1|2 2l3 34 45

. PCB 28

PCB 52
oal 35017 37148 PCB 1]3_9%0 PCB 138

024 39.426

40615
o.; : H K J ﬁ 42_.&02

325 33 335 34 345 35 35 3% 365 37 375 38 385 39 305 40 405 41 415 42 25 4
Counts (%) vs. Acquisition Time (min)
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Coplanar PCBs 0.25 pg/pL

x10 2 |[+EI MRM CID@23.0 (359.9 -> 289.9) coplanar-MRM-cal-0_25ppb.D Smooth
1

0.95+
0.9+
0.85-
PCB 77
0.75+
0.7
0.65+
0.6

PCB 81 | PCB 126

0.5

0.45-

0.4+

0.35+

0.3

PCB 169

37.127

0.25+ [ |

0.2 (=

0.15+ S

0.14

0.05+

Lo~ AL
0- AR = A \ - = -
- r T 1 T 7T T T T T T T T T T T T T T T T ‘1 ‘1 ‘1 ‘1.1 ‘1 ‘1 ‘1 _ ‘1 ‘1 ‘v ‘1. ‘T1_ T T _ T T T T
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Fish (Chub) extract

x10 1 |+EI MRM CID@25.0 (293.8 -> 222.0) coplanar-MRM-sample-hh1.D Smooth
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x10 T |+EI MRM CID@25.0 (291.9 -> 222.0) coplanar-MRM-sample-hh1.D Smooth
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Agilent’s new 5975T Transportable GCMS
Laboratory quality performance GCMS for out-
of-laboratory applications

Research Institute
for Chromatography

AWa
/& RIC




