DIP Direct Inlet Probe for GC-MS

DIP-5975 MSD

DIP-7000 QQQ
mit Dual-PAL
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MSD Direct Inlet Probe
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Push rod:

* integrated heating element
and cooling device

« sample vessel is located at
the tip of the push rod

Control panel:

» amicroprocessor enables
automatic sample transfer
Into the ion source and

» heating and cooling of the
probe tip at ramp rates



Sealing Mechanism

=» sample is transferred into the vacuum of the ionization chamber
via a vacuum-lock assembly:

Normal Position

-

DIP Probe

MSD

Load Position -I

MSD I

=» vacuum lock assy with marginal dead volume :

no additional pump for the vacuum lock required
(as it is common practice for competitive products)

DIP Probe

SIM I/
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Detalls of the Probe

Push Rod
—
/V % <+<— Purge Gas IN
—l T
Tip with urge Gas OU
Sample Vessel Heater Assy

Push Rod with

Splid Sar_nple Tip body (above),
Liquid Sample Tip \;V:rrrll allgrt“'gggm purge gas line (middle)
(filled with a syringe) pie heater assembly (below)

SIM I
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Push Rod with
Sample Vessel

Vacuum Lock
(beneath the cover)

SIM I/
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25°C

Sample Insertion (l)

. Sample (liquid/dissolved) is

placed into the sample
vessel of the probe tip with a
syringe.

Push rod is automatically
Introduced into the high
vacuum of the MS up to the
lon source funnel

(step by step through the
vacuum lock).

. When the probe tip is placed

directly in front of the ion
source funnel, the tip is
heated corresponding to the
temperature program.



Sample Insertion (II)

SIM Il
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solid samples:

change tip of the push rod
for liquid samples against
the solid sample tip

fill sample tube and put it
into the solid sample tip with
special tweezers

temperature program:

user-friendly DIP software
enables feeding the
temperature values directly
Into the temperature profile

the status bar shows the
course of the run (last line:
plot of the push rod together
with valve position)



Multifunctionality of the
GC/MS-DIP-System

« GC/MS DIP System
equipped with TwinPAL.:

1 arm with microliter syringe
for liguid sampling (GC or
DIP) and

1 arm with tube-gripper for
solid sampling (DIP)

=» GC/MS and DIP/MS runs
In series

=» particularly suited for
screening methods

=> effective and time-saving,
no hardware changes are

Y1 necessary
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Automated Analysis with PAL Autosampler

* liquid samples: PAL with pl-syringe
Option: thermostatted flow cell=» online analysis

« solid samples: PAL with tube gripper to put the sample tube

i Into the tip of the push rod
SIM /B
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Solid Sample (EI):
Tablet with Acetaminophen (Paracetamol)

o)
] NH
8
7 /
OH

Sample: acetaminophen tablet
(pulverized)
Probe tip: solid

Intensity [ x 10°a.u.]
N

3 DIP: heating rate 1°C/s
_ run time 2 min
? MSD: 5975 MSD, El

020 040 060 0.80 1.00 120 1.40 160 1.80 200 220 2.40

Retention Time [min]

YIS
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Solid Sample (CI) : Cypermethrin

Abundance

Abundance
300000 TIC
Cl
cl—c’ 50000
200000 “‘
" O
25000
100000
227
w J o
Time--> Y+ Cv,'rm'r“fwh"v,u,‘,""‘H‘“Hr','uify["a‘m‘%,'ﬂﬂ“v‘r‘#hﬂ
[min] 1.00 300 500  7.00 m/z-- 100 200 300 400
Sample: pyrethroid cypermethrin (solid), M = 416.3 g/mol
Probe tip: solid
DIP: heating rate 2°C/s, run time 5 min
MSD: 5975 MSD, PCI mode with NH,
SIM I
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Scan 302 (2.291 min)

433

500 600



Solid Sample (El): Tobacco Leaf

Sample: tobacco leaf
(pulverized)
Probe tip:solid
DIP: heating rate 1°C/s
6 run time 9 min
' MSD: 5975 MSD, El

Intensity [ x 10° a.u.]
N

3
2
1
100 200 300 400 500 600  7.00 = 800
Retention Time [min]
Siv i/mm
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TIC of a Glyceride Mixture

Abundance

00000000

DDDDDD

DDDDDDD

0000000

OOOOOOO

DDDDDDD

0000000

0000000

0000000

Monoglycerid

Triglycerid

Diglycerid

.00 3.
t [min]

Sample:
Probe tip:
DIP:

MSD :

SiMv 1/

glycerides of myristic acid (C14:0)
liquid

heating rate: 1 °C/s (50 - 350 °C)
run time: 6 min

5973 MSD, El

Scientific Instruments Manufacturer GmbH

excellent temperature
control and heat
transmission at the probe

tip

=» thermal separation of
the glyceride mixture:
monoglycerid (130 °C)
diglycerid (190 °C)
triglycerid (230 °C)



Interpretation of MS Data (example diglyceride)

a(DIP) * mass spectrum of
DDDDDD ° myristic acid (C14:0) diglyceride
=] T a) scanned via MSD- DIP System
moos I H - (upper fig.)
. '”"' T e e e
b) result of the NIST library
search (lower fig.)
b (NIST)
s = all tools of the MS software may
be applied
T = identification of analytes by
'chl.rc:'gl e.aléij':‘;"c.:.so:ame.o_._-'c.z.‘;c.z..gc.z.éc. common |Ibl‘al‘y SeaI’Ch

|l
1 o1zo01

ﬁw.fz
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El-Standard: Triglycerides (1.5 g each)

Standard
i Tricaprin (C10:0, b.p. 30 ° C)
12
8
= | Tripalmitin (C16:0, b.p. 65-68 ° C)
ST N ; : : . . : . ;
X 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
>
*5‘) Blank after Run Sample: tricaprin/tripalmitin
S 15 ' in hexane/acetone (45/5)
= Probe tip: liquid
— g | DIP: heating rate 1 °C/s (30 - 350 °C)
. run time: 9 min
4 MSD : 5975 MSD, EI
0

100 2.00 300 400 500 600 700 800  9.00

Retention Time [min]

SiMv 1/
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Cl-Standard: Dibutyl Phthalate (DBP)

0
AN
° DBP
- | DW
—_ 0
5 6 Sample: dibutyl phthalate
f in hexane
S 5 Probe tip:  liquid
X, . DIP: heating rate:1 °C/s
2 (30 - 350 °C)
2 3 run time: 1 min
= MSD : 5975 MSD,
= 2 PCI with CH,
1
(O RAARE RAARE RAARE RARRS IULARE RS INULRE IULRAE IUMAE ILULAE IS IUULAS LS LULAE LS LS LU
0.20 0.40 0.60 0.80 1.00

SV 1/
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Retention Time [min]




Solid Sample (EI):
Tablet with Acetaminophen (Paracetamol)

o)
] NH
8
7 /
OH

Sample: acetaminophen tablet
(pulverized)
Probe tip: solid

Intensity [ x 10°a.u.]
N

3 DIP: heating rate 1°C/s
_ run time 2 min
? MSD: 5975 MSD, El

020 040 060 0.80 1.00 120 1.40 160 1.80 200 220 2.40

Retention Time [min]

YIS
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Solid Sample (El): Blue Ink (Ball-point pen)

ST oo™
\ ®

14
12
E 10 Sample: Dblue ink
3 Probe tip: solid
X 8 DIP: heating rate 1°C/s
g 3 run time 11 min
5 5975 MSD, El
£ 4
2

T T
100 200 300 400 500 600 700 800 9.00 10.00 11.00

Retention Time [ min]

SIM I/
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Solid Sample (El): Tobacco Leaf

Sample: tobacco leaf
(pulverized)
Probe tip:solid
DIP: heating rate 1°C/s
6 run time 9 min
' MSD: 5975 MSD, El

Intensity [ x 10° a.u.]
N

3
2
1
100 200 300 400 500 600  7.00 = 800
Retention Time [min]
Siv i/mm
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DIP-Application: Pharmaceuticals
Aspirin—Tablet (El, Solid Sample)

1.510°

Ox_ OH
— Ow__-0
1 0-108 ‘\\]:::

acetylsalicylic acid

Abundance

06 10 15 20 25 30 35 40 45 50 55 &0 65

Time [min]

Vaporization Curve of Aspirin-Tablet

MS Agilent 5975 MSD, EI mode

MS Temp 280 °C (Source), 150 °C (Quad),
280 °C (Transfer Line)

Full Scan 33-600 m/z

DIP solid tip

DIP Temp 40°C, 0.5°C/sto 350 °C

= acetylsalicylic acid can’t be
vaporized without decomposition,
GC/MS analysis needs derivatization

Siv 1/
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Abundance

1200

3000 t=0.673 min

8000 .
7000
6000
5000 1380
4000
3000 440

2000 63.1
1000

1050

‘ 270

miz

Abundance

12000
3000 data hase (NISTOZ)
5000 acetylsalicylic acid

7000

5000 136.0

5000
4000 430 9210

3000
1210

2000
B3.0

1000
Ll ||H ey

| 1050 ) | 15‘30 TBIUEI

180 pag

miz

MS spectrum at 0.673 min (top)

and
reference spectrum (NIST 08) of
acetylsalicylic acid (M = 180.16 g/mol)

20



DIP-Application: Pharmaceuticals
Ibuprofen-Tablet (EIl, Solid Sample)

(RS)-2-{4-(2-methylprapyliphenyl)propanoic acid)

3.0-10°
o
(= L
2,510 OH

2.0-10¢
(18]
(.}
= 15108
sl
=
]
vl
< 1.010°

5.0-10°

10 20 30 40 5O
Tirme [min]

Vaporization Curve of Ibuprofen-Tablet

MS Agilent 5975 MSD, EI mode

MS Temp 280 °C (Source), 150 °C (Quad),
280 °C (Transfer Line)

Full Scan 33-1000 m/z

DIP solid tip, CO,-cooling

DIP Temp 5°C, 0.2°C/s to 60 °C,
0.5 °C/s to 400 °C

. 161.2
0000y ¢ =2 195 min
8000
5 91.1
S B000 T11a1 2061
]
S 4noo
=
2000 411 l
D . I|“. L ||EE1 ||I ull, .'ll L | . . . |2311|
20 40 B0 B0 100 120 140 160 180 200 220 240
miz
10000 161.0
data bank
,, G000
o (NISTO8)
§ 6000 119.0 206.0
é 4000
T Long 410
159 || ||||| .Ll.lEE'D ||I I . i . 1 Al . . . .
20 40 B0 80 100 120 7140 160 180 200 220 240
m'z

MS spectrum at 2.195 min (top)

and
reference spectrum (NIST 08) of

Ibuprofen (M = 206.28 g/mol)

2 usual GC/MS analysis of ibuprofen: TMS derivate

Simv 1/
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DIP-Application: Brominated Flame Retardant
In Printed Circuit Board (El, Solid Sample)

2131
70000 4489 4509 5288
2ot 60000 2631 EPRB | 5308
TBBPA 50000 4469 | |4529
1.510°
L 40000 R248 R328
o 8 1o 445 450 455
: S soooo{
Eiom 2 T - 875 530 &35
E 20000 5288
4459
36082
5010° 1oum ﬂ mm.a
bodoa Nb. . Wi, Bops 8552 P33T mi3e
50 100 150 200 @50 300 350 400 450 500 S50 GO0 G5O 200 750 BOD
0 b miz
10020 31 40 50 G0 70 80 40 10 10 120 130 140
Time [rmin]
290 529.0
Vaporization Curve of Printed Circuit Board o Br C C Br RTINS
(chippings) 700 HO oH
. @ GO & = 450 | 20 | |
MS Agilent 5975 MSD, EI mode 5 s “ H i 5|33-”
= | A,
MS Temp 280 °C (SOUI’CG), 150 °C (Quad)1 £ 4000 . - 445 480 455 525 530535
280 °C (Transfer Line) 3000 530 N
Full Scan  33-1000 m/z 2 oo o120 \
DIP solid tlp 0 2520 aaf.u 44f.u
DIP Temp 40°C, 0.5 °C/sto 350 °C ’ 50 100 150 200 20 300 350 400 450 500
! ' mfz

> TBBPA: aI\{ImIS spectrum at 9.191 min (top)

mainly used flame retardant for printed reference spectrum (NIST 08) of

. . . Tetrabromobisphenol A
circuit boards instead of banned PBDEs (TBBPA, M = 543.88 g/mol)

' see typical isotope distribution
SIM Il pattern for bromine substitution 22
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DIP-Application: Cosmetics
Additives in Hair Gel (I) (El, Solid Sample)

: 941
phenoxyethanol anon £=1.005 min
200" triethanolamine 2000
7000
/ & soon
g 15108 E 5000
c I 4000
g anon a 138.1
c .
P i 2000
7 100 o 56.1
e AR ‘ I . ‘ T .
0 10 20 30 40 so B0 70 80 80 100 110 120 130 140
50408 miz
S 340
12 A SRDTD 600 TR D so00 o data base (MISTO8)
Time [rin] a0 @’ OH
A . . 7000
Vaporization Curve of Hair Gel 5 so0o phenoxyethanol
&£ &s000
MS Agilent 5975 MSD, EIl mode g o
MS Temp. 280 °C (Source), 150 °C (Quad), o
280 °C (Transfer Line) T B | | ‘ 1079
[ NN | bt Wy e dl 113.0 1
Full Scan  33-800 m/z T e Iao 4!0| 50 e0 70 80 80 100 110 120 130 140
DIP solid tip miz

DIP Temp. 40°C, 0.5 °C/s to 350 °C

=>» phenoxyethanol is used as
preservative

(functional components of hair gel:

cationic polymers)

SiM I
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MS spectrum at 1.005 min (top)

and
reference spectrum (NIST 08) of
phenoxyethanol (M = 138.16 g/mol)
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DIP-Application: Cosmetics
Additives in Hair Gel (Il) (El, Solid Sample)

! 1181
phenoxyethanol 3000
& . . aooo t=3.0B1 min
toie triethanolamine 2000
/ g sooo
2 sann
8 15]08 = 4000
% = B6.1 741
g 3000
2000
I 5 451
o 1010 1000 1331
[y - . ‘I|||‘ . |||| .'||'.'| . |88I? 1=D|2'1 b |I ot . 149;1
20 30 40 50 60 70 80 a0 100 110 120 130 140 150
5000 mz
OH 1158.0
L Y A < O 1 1 O A Y (R 4000 . )
Tire [ir] soca| triethanolamine H
7000 Ho N op
. . . L GO00
Vaporization Curve of Hair Gel 5 oo 560 240
£ oo o
MS Agilent 5975 MSD, El mode 3000 200 '
MS Temp. 280 °C (Source), 150 °C (Quad), o ‘
280 °C (Transfer Line) 1 I 1 A R OO N LN LN NRTTSNRT-Y,
20 30 40 50 60 70 80 a0 100 110 120 130 140 150
Full Scan  33-800 m/z iz

DIP solid tip
DIP Temp. 40°C, 0.5 °C/s to 350 °C
MS spectrum at 3.061 min (top)

and
reference spectrum (NIST 08) of

=» triethanolamine is used as _ !
triethanolamine (M = 149.19 g/mol)

pH-balancer

SiM I/

Scientific Instruments Manufacturer GmbH



DIP-Application: Food Packaging
Phthalates (El, Solid Sample)

691

o plastic sandwich bag a000 Freezer bag
£ 6 4000 t=1.844 min
E a0 7000
Y ‘ ‘ T T : ‘ : ‘ : ‘ o 5000
10 20 30 41 50 B0 70 80 80 100 5 wm 1420
Time [min] g w00
3000 2611
2000 167.0
. plastic wrap - , - saz
g 2000 phthalate ] . 1791 2031 233y 2931
'Cl v 20 40 B0 80 100 120 140 160 180 200 220 240 260 280
g 4000 miz
- 1450 data base (NIST08)
T\me mm] 3000 Di{n-octyl) phthalate

000
o]

' 7000

DNOP lastic freezer bag o S Y U

50001 =000 570 O™
o

4000

o : . ‘ : : . . . ‘ . 3000 o e 187.0
830 1130 ‘

260
1.0 20 10 40 50 Bl 70 ] 5.0 100 2000
IA h. b lee | ” 1910

Tirme [min] 100D |
| |
0 S
Zb 4‘0 60 80 100 120 140 160 160 200 220 240 250 280
miz

MS spectrum at 1.944 min (plastic freezer bag)

and
reference spectrum (NIST 08) of

di(n-octyl)phthalate (DNOP, M = 390 g/mol)

Abundance

Abundance

zran
261.0 |
L

Vaporization Curves of 3 food packaging

MS Agilent 5975 MSD, EI mode
MS Temp. 280 °C (Source), 150 °C (Quad),
280 °C (Transfer Line)

Full Scan
DIP

DIP Temp.

33-800 m/z (bags), 33-600 m/z (wrap)
solid tip
40°C, 0.5 °C/s to 350 °C

=>» freezer bag contains phthalates:
DNOP (see ref. spectrum),
fragment ion 293 gives indication for

SivIlIm di-n-nonyl phthalate (DINP, M = 418 g/mol) .
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Sensitivity Test

Does DIP measurement
Influence GC/MS sensitivity?

SIM 1/
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97 Pesticide Std

|

DIP Liquid Sample

}

97 Pesticide Std

}

DIP Solid Sample

|

97 Pesticide Std

GC/MS

DIP/MS

GC/MS

DIP/MS

GC/MS



Sensitivity Test:
GC/MS: TICs of Pesticides at 5 ng

Before Use

15 1

10 ]

5 | N

L\ AN L LA VU ) LR SO MU L L .AL “L,L.x“ LL_L U

06.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
After DIP Liquid

15 1

10 ]

A ll ALl L LSLUGEL AL AL A H.l _Ll “Lm“ Lh_.L,AuLLL

O6.00 800 10.00 12.00 1400 16.00 1800 20.00 22.00 24.00 26.00

Intensity [x 10° a.u.]

After DIP Solid

15 |

12 : A &MM

0600 800 1000 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Retention Time [min]

SiMv 1/
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Sensitivity Test:
GC/MS: TICs of Pesticides at 1 ng

10 After DIP Liquid

M

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

.........

oSO N A~ OO

After DIP Solid

[EnN
o

Intensity / x 10° a.u.

N B~ OO

LLuL e VLU NN LRI N, M‘_

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

o

Retention Time / min

SIM 1/
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DIP Features

 enhancement of the MSD application range:
analysis of low volatile samples (liquid and solid) without
preceding chromatographic separation
- MS as well as GC/MS

« short analysis time for mass spectra:
ideal for high throughput quality control analysis (screening)
In EI and Cl mode of the 5973/5975 MSD and 7000 Triple Q
« quick changeover from GC/MS to DIP-MS:
It IS not necessary to uncouple the GC/MS interface
« ease of use:
microprocessor controlled introduction of the sample into the
high vacuum minimizes the change of accidental venting the MS
« extensive data analysis
using the tools of MS ChemStation and MassHunter software

* possibility of automation and online analysis by combination
with a PAL autosampler

SIM I/
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DIP Specifications

» Requirement:
» Modes:

» Sampling:
» Temperature Range:
» DIP Temperature Control:

» Control system:

» Analysis of mass spectra:
» Options:

SiM I/
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GC/MS System with Standard or
Performance Turbo Pump

DIP/MS and GC/MS without uncoupling the
GC/MS interface

Probe tip for liquid and solid samples
RT up to 400 °C

0.1 °C -2 °C/s, max. 3 ramps
subsequent cooling with pressurized air

DIP software to control the system
by PC or via control panel of the DIP

MS ChemStation, MassHunter

» CO,-Cooling Kit,

« combination with PAL autosampler for
automation and online-analysis

« SIM Control software for adaptive sequences



