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Modular Accelerated Column Heater (MACH™)
Low Thermal Mass GC Technology
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Gerstel MACH™ Twin Module
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RVM Programming Integrated in Chemstation

o Pinsire . mEx
Method Instrument Gerstel Wiew Abork  Window Qualify  Help

MACH FastGC -1
MACH FastGC
IDLE

Column 1 Temp [*C]
Column 2 Temp [*C]
Column 3 Temp [*C]
Column 4 Temp [*C]

GC Signal 1

I B Instrument: #1 -1

IGERSTELi




Comparison of Power Profiles between
L TMGC and Conventional GC

Power Profile of LTMGC
40C — 0.35 min — 60C/min — 180C — 0.35 min

Peak power consumption: Less than 5 watts
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Power Profile of standard GC
30 C—0 min - 30C/min - 180C — 60 second

Power consumption: Average 850 watts
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Cool Down Time Comparison

Comparison of Cool Down Time LTMGC vs. Agilent HP-6890A
Agilent HP-6890A, SN US0006181
LTMGC: 5 metre, 0.1 mm id, 0.12 micron DB-1
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Increasing Speed of Analysis
Strategies

High Speed

R decreased

R maintained

N, o or k decreased

N maintained
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Increasing Speed of Analysis
Strategies

e Fast GC = short column (LJ)
e Fast GC = increase u (H,>He>N;)

— Vacuum outlet conditions

Narrow bore column
Optimized phase ratio
Optimized temperature program

Fast GC = low capacity factor (k)
High B ratio: wide bore - thin film
High temperature

Fast temperature program
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Hydrocarbon Index (1so 9377-2 and 150 9377-4)

gg"is m x 0.53 mm id x 1.5 ym HP-1

| Helium: 7.4 mL/min, constant flow
o0 35°C (1.5 min)-5°C/min-60°C-15°C/min-350°C-5 min
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Hydrocarbon Index (MACH method 1)

Response__

5m x0.180 mm id x 0.18 ym DB5-MS
1200001 Hydrogen: 71.4 kPa, 3.1 mL/min @ 35°C
35°C (3 sec)-123°C/min-60°C-369°C/min-350°C (30 sec)

115000+

110000, Resolution limited
105000, Group quantitation OK
100000+

95000/

90000
85000 w m

80000+
w 10 mg/mL, 0.2 pL, Split 1:20
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Hydrocarbon Index (MACH method 2)

1zooool DM X 0.180 mm id x 0.18 um DB5-MS
118000 Hydrogen: 71.4 kPa, 3.1 mL/min @ 35°C

r1a000. 35°C (10 sec)-100°C/min-350°C (30 sec)  Somewhat slower

104000] Resolution increased

102000

100000

98000/ FaVOrab|e fOr C].O'CZO, C20'C30,

o000 C30-C40 quantitation

88000/

86000

76000/ m 10 mg/mL, 0.2 ML, Spllt 1:20
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Response._ Linearity

Signal: HOI-L2001.L
Signal: HOI-L2002.C
2000000 Signal:|HOI-L2003.L |"*"
Signal:|HOI-LL2004 .L |, s..o0-

1 800000’ 3.00e+008—

1600000

1.00e+008+

T
0 1 2 3 4 5
1400000 -
Response = 5.80e+007 * Amt - 2.86e+006
Coef of Det (r"2) = 1.000 Curve Fit: Linear

Method Name: C:\MSDCHEM\1\METHODS\MACH-HOI8.M
Calibration Table Last Updated: Thu May 12 13:35:02 2005

1200000+

SPLITLESS

1000000

600000

400000+
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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
20m x 0.18 mm id x 1 ym DB-624
Helium: 279 kPa (70 cm/s, 2.5 mL/min@40°C)

40°C — 30 s — 100°C/min — 260°C - 30 s
MSD (5973 Inert): 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 Repeatability:
- Aty RSD% < 0.5%
- peak area: RSD < 7%

280000/
260000
240000
220000-
200000-
180000 20 pg/L in water
160000
140000
120000
100000
80000
60000
40000
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‘Deconvolution’ of critical pairs

Abundance
lon 76.00 (75.70 to 76.70): VOC-fd9.D
lon 166.00 ([165.70 to 166.70): VOC-fd9.D
Abundance 26000
24000
TIC: VOC-fd9.D
220000 22000
20000
200000
18000
180000
16000
160000
174 14000 \
140000 12000 |
120000 10000 \
100000
1.83 8000 \
80000 1.80 6000 0
60000 4000 |
40000 1.76 2000 /\
Y UV SR § | SO
20000 165 170 1.75 1.80 1.85 1.90
\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ Time-_>
1.721.741.76 1.781.80 1.82 1.84 1.86 1.88 1.90 1.92 1.94 1.96 1.98 2.00 2.02
Time-->
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Identification

Abundance
16000, . Scan 2029 (1.826 min): VOC-fd9.D
14000 Name Propane, 1,3-dichloro-
CAS Number 000142-28-9
12000/ Entry Number 6040
Molecular Formula C3H6CI2
100001 Misc Information NIST MS# 230388, Seq# M34731
80001 Match Quality 91
Company ID NIST 2002
60001 Retention Index 0
Melting Point
4000 Boiling Point
63 Molecular Weight 111.99
2000/
ol L1l 82 112129 184 490207 245 281 324341
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
m/z-->
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Identification

Tetrachloroethylene

NIST MS# 107150, Seq# R21538

Abundance
Scan 2040 (1.835 min): VOC-fd9.D
13000 166
12000
12 Name

11000 CAS Number 000127-18-4

10000 Entry Number 32048

0000 Molecular Formula C2Cl4

2000 Misc Inform_atlon

Match Quality 98

7090 Company ID NIST 2002

6000 ot Retention Index 0

5000 Melting Point

000! Boiling Point _

76 Molecular Weight 163.88
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Polyaromatic Hydrocarbons

5mx 0.180 mm id x 0.18 pm DB5-MS
Helium: 45.5 kPa, 1.4 mL/min @ 50°C

50°C (3 sec)-150°C/min-350°C (60 sec)
MSD: fast scan, m/z 100-300 (25 Scans/sec)

1500000 3
@3-

1400000 |
4 12

Abundance

1300000 9 10
1200000 A .

2 7 g
1100000 -
1000000 5 6 E

900000 14 15

800000
700000 13
600000
500000 16

400000

300000

200000
| -
bt sttt si l e “M‘,\L‘ ‘ Ao O ) y o

g . s e e
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i L 350°C
<\ \!m_‘ﬁ!hﬁ Va -g.;.g 1. naphthalene, 2. acenaphthylene, 3. acenaphtene, 4. fluorene, 5. phenanthrene, 6. anthracene, 7. quorantheﬁ ‘
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A =% 74 ce0@ Qoo N 8. pyrene, 9. benzo(a)anthracene, 10. chrysene, 11. benzo(b)fluoranthene, 12. benzo(k)fluoranthene, 13.
Researsh Inefitute for Chromatoaranhy o @ TewT T TEUETEEEST benzo(a)pyrene, 14. indeno(1,2,3-cd-pyrene, 15. dibenzo(a,h)anthracene, 16. benzo(g,h,i)perylene



Critical pairs
A

Abundance Abundance

lon 178.00 (177.70 to 178.70): PAH-003.D
1|43 1|44

lon 278.00 (277.70 to 278.70): PAH-003.D
lon 276.00 (2f370 to 276.70): PAH-003.D
550000
150000
36
500000 140000
130000
450000
120000
400000 — 110000 RS — 1 1
E; — . - "
350000 100000
90000
300000
Rs=0.05
]
250000 70000
60000
200000
50000
150000 40000
100000 30000
20000
50000
10000
ol 0

| T e T T T e 1 e 70 215 .50 255 150 295 240 245 250 255 260 265 210 275
mme->  Phenanthrene/anthracene Time->  Ideno[1,2,3-cd]pyrene (m/z 276),
Dibenz[a,h]anthracene(m/z 278),

Benzo[g,h,i]perylene (m/z 276)

— Narrow bore column / slower t° programming/ optimal u...
at the cost of time !!
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Polyaromatic Hydrocarbons

10 m x 0.100 mm id x 0.1 pm HP5
Hydrogen: 437.9 kPa, 2 mL/min @ 50°C
50°C (0)-75°C/min-325°C (120 sec)
FID (100 Hz)

FID1 B, (C:\HPCHEM\2\DATA\PAHFAST\TEST0002.D)

pA ]
60— 1

50; 7
= . BB p
| 6

4oi 9 13 14 15
11 16

30

20

I o | U O O | D

——Y—— T[T [ T[T T T T T
0 0.5 1 1.5 2 25 3 3.5 4 4.5 min

1. naphthalene, 2. acenaphthylene, 3. acenaphtene, 4. fluorene, 5. phenanthrene, 6. anthracene, 7. fluoranthe
8. pyrene, 9. benzo(a)anthracene, 10. chrysene, 11. benzo(b)fluoranthene, 12. benzo(k)fluoranthene, 13.
wnoloaies benzo(a)pyrene, 14. indeno(1,2,3-cd-pyrene, 15. dibenzo(a,h)anthracene, 16. benzo(g,h,i)perylene

SR e S g0
Nl 0@ @0

AN
} gy
/zx
\ Y
3 i il!l
oy iyi/'
ET
(]
8
&
:
0‘. ¢
@ I
ey
«5
g
-‘
f
[+



Critical pairs

FID1B, (C:\HF’CHEM\2\DATA\PAHFAST\TESTOOO2.Ds FID1 B, (C:\HPCHEM\2\DATA\PAHFAST\TEST0002.D)
=t PA
<
8 m/z 178 45 Ny 8
o 6 N N
A 3 9 %10 m/z 228
N 40|
40 35|
35
304
30
25]
25
204
20
15 18]
—_— Y = — . T
2.15 2175 2.2 2.225 2.25 2.275 2.3 2.325 2.35n 3.1 3.15 3.2 3.25 3.3 m|
FID1 B, (C:\HPCHEM\2\DATA\PAHFAST\TEST0002.D)
(2]
0
( g 13 m/z 252
2
® N
(.q o«
(3]
35 11
30|
25|
20|
15
T T T o T o T e
3.55 3.6 3.65 3.7 3.75 3.8 3.85 mi 4.05 41 4.15 4.2 4.25 4.3 4.35 m|

1. naphthalene, 2. acenaphthylene, 3. acenaphtene, 4. fluorene, 5. phenanthrene, 6. anthracene, 7. fluoranthene, 8. pyrene, 9. benzo(a)anthracene,
10. chrysene, 11. benzo(b)fluoranthene, 12. benzo(k)fluoranthene, 13. benzo(a)pyrene, 14. indeno(1,2,3-cd-pyrene, 15.
dibenzo(a,h)anthracene, 16. benzo(g,h,i)perylene
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Polychlorinated Biphenyls

5m x 0.180 mm id x 0.18 ym DB5-MS
Helium: 100 kPa, 2.7 mL/min @ 50°C
50°C (3 sec)-150°C/min-350°C (20 sec)

MsSD: fast scan, m/z 100-500 (16.7 Scans/sec)

Abundance

50000

45000+

PCB 138

40000

PCB 180

35000+

Arochlor 1260

30000+
25000/ PCB 153
20000

15000

10000

5000 W
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5m x 0.180 mm id x 0.18 ym DB5-MS
Helium: 100 kPa, 2.7 mL/min @ 50°C
Abundance 50°C (3 sec)-150°C/min-350°C (20 sec)

MSD: SIM, m/z 256, 258, 290, 292, 324, 326, 360, 362, 394, 396
40000

10 ions, dwell 20 msec = 4.0 cycles/sec
20000 f\J& ,/VNAW/\Af&Av/\»f\fK\

1.401.451.501.551.601.651.701.751.801.851.90 1.952.002.052.102.15

100000
80000
60000

Time-->
Abundance

TIC: PCB-6.D

100000
80000
60000

o 10 ions, dwell 10 msec = 7.0 cycles/sec

| |

I\ | N

- |
\

ﬁ{‘wd‘/sua v

40000 I\ 5'\ N "y I\ “‘\
20000 ,‘“‘ /f\ /J v / / v \ L\ "‘ \\‘ ‘\ /\L

1.401 451 501 551.60 1.651. 701 751.801.851.90 1. 952002052102 15

Time-->
Abundance
TIC: PCB-8.D
5 ions, dwell 10 msec = 10.8 cycles/sec » &
60000 "
50000 I
40000 l
30000 I\
20000 A
10000 s“\ c‘\ m‘u‘\ A AN\
7 1 \8 140145150155160165170175180185190195200205210215 |
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B AMDIS-Chromatogram - Component Mode - PCB-4.0

Fle Analyze Mode Vew Lbrary Options Window telp

=3 C:WMSDChem\1\DATAWMACH PAH\PCB-4.D\data.ms

o ] Fescoe || T[]

fargets (7), 101 components (+)

0
[Time: 1442 1484 1526 1568 1610

1652 1694 1. 1777 1819 1861 1 1987 2029 2070 2112 2154

[Abundance [37.4%]
100
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171 1773

0
mz 260 265 270 275 280 285 290 295 300 305 310 315

2.196.
1 of 2 models BRI -

BEE

Abundance

~Component Mode - PCB-6.0

=Jokd|

Window_tiel

u@% 45000

TIC: PCB-4.D
TIC: PCB-6.D
TIC: PCB-8.D

100000

95000

90000

85000

80000

75000

70000

65000

60000

55000

50000

40000

1759 1761 1763 1765 1767 1770

35000

30000

25000

20000

15000

10000

7.0 cycles/sec
I

| Scan 503 (1.76 min) and_Extracted spectrum (1761 min)

260 265 270 275 280 285 200 205 300 305 310 315 320 325 330 335 340 345 350 355
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1755 1756

1757 1758 1760 1761 1762 1763 1765 1766

| Scan 864 (176 min) and_Extracted spectrum (1758 min)




Conclusions

e Hardware: MACH™

e Speed versus resolution?
— Increase speed of analysis with or without

loss of resolution ?
e Chromatographic resolution or mass

spectroscopic resolution ?
e Required sample capacity?
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