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Instrument Instructions

Gas Chromatography-Mass Spectrometry Instrument Instructions

Introduction/Theory

Gas chromatography-mass spectrometry (GC-MS) is used to analyze complex organic
and biochemical mixtures (1). The GC-MS instrument consists of two main components. The
gas chromatography portion separates different compounds in the sample into “pulses” of pure
chemicals based on their volatility (2) by flowing an inert gas (mobile phase), which carries the
sample, through a stationary phase fixed in the column (1). Spectra of compounds are collected
as they exit a chromatographic column by the mass spectrometer, which identifies and quantifies
the chemicals according their mass-to-charge ratio (m/z). These spectra can then be stored on the
computer and analyzed (1).

As stated above, the instrument is used to analyze complex organic and biochemical
mixtures. The Agilent 5975C GC-MS can inject various kinds of samples, including microliter
volumes of liquids, vapor from the headspace of a closed sample bottle, or chemicals adsorbed
on a solid phase microextraction (SPME) fiber (3). The samples must be of a suitable size and
are introduced as a “plug” of vapor. Sample sizes range from a few tenths of a microliter to 20
uL for ordinary packed analytical columns. Capillary columns, which require samples that are
smaller by a factor of 100 or more, often require a sample splitter, which delivers a small known

fraction of the injected sample, while the rest goes to waste. (1)
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Figure 1 Block diagram of GC-MS (1)

Figure 1 shows a block diagram of the GC-MS. The mobile-phase gas is called the carrier
gas, which must be chemically inert. This gas is most often helium, however, argon, nitrogen,
and hydrogen are also used. These gases are held in pressurized tanks and use pressure regulators,
gauges, and flow meters to control the flow rate of the gas. Flow rates usually range from 25-150
mL/min with packed columns and 1-25 mL/min for open tubular capillary columns, and are
assumed to be constant if inlet pressure is constant. This is often accompanied by a molecular
sieve to purify the gas before it is used. (1)

Samples are introduced as a “plug” of vapor. Liquid samples are introduced using
calibrated micro syringes to inject sample through a septum and into a heated sample port which
should be about 50°C above the boiling point of the least volatile constituent of the sample. After

the sample is introduced, it is carried to the column by the mobile phase. (1)



Packed and open tubular or capillary columns are two types of columns used in gas
chromatography. Packed columns are 1-5 m long, while capillary columns range from a few
meters to 100 meters long. The Agilent 5975C GC-MS uses a 30 meter capillary column (4).
Columns are usually constructed of fused silica or stainless steel, and coiled to fit into an oven,
with the coils ranging from 10-30 cm in diameter. The temperature of the column is an important
variable, so the oven is equipped with a thermostat that controls the temperature to a few tenths
of a degree. Boiling point of the sample and the amount of separation required determines the
temperature the sample should be run with. As a rough estimate, a temperature equal to or
slightly above the average boiling point of the sample should give reasonable results.
Temperatures can also be increased in steps as separation proceeds, for samples with a broad
boiling range. As the mobile phase carrying the sample is passed through the stationary phase in
the column, the different components of the sample are separated. (1)

After being separated, the sample is run through a detector. The detector in a GC-MS is,
not surprisingly, a mass spectrometer. The type of mass spectrometer used in the Agilent 5975C
GC-MS is a quadrupole mass analyzer (4), which ionizes the sample and then separates the ions
based on their mass-to-charge ratio (1).

This data is then sent to a computer to be displayed and analysed. The computer linked to
the Agilent 5975C GC-MS has a library of samples to help analyze this data.

Data for the GC-MS is displayed in several ways. One is a total-ion chromatogram,
which sums the total ion abundances in each spectrum and plots them as a function of time.
Another is the mass spectrum at a particular time in the chromatogram to identify the particular
component that was eluted at that time. A mass spectra of selected ions with a specific mass to

charge ratio, called a mass chromatogram, can also be used. (1)



Instrument parameters include flow rate, sample size, type of column, as well as column
length and temperature, and the library used to analyze the data. As stated above, flow rates
range from 25-150 mL/min with packed columns and 1-25 mL/min for open tubular capillary
columns. Sample sizes range from a few tenths of a microliter to 20 pL for ordinary packed
analytical columns. Capillary columns require samples that are smaller by a factor of 100 or
more. The Agilent 5975C GC-MS uses a capillary column that is 30 meters long (4). The
temperature of the oven can be varied depending on the boiling point of the sample. The column
can withstand temperatures of -60°C to 360°C. There are also several different libraries available

to analyze data. (1)

Samples can be both identified and quantified. The mass spectrum is used to identify
various components of the sample based on mass to charge ratio, however, the components of
the sample can also be quantified using the peak height or peak area of an eluate from the GC
column. Under carefully controlled conditions and using a standard, an accuracy of 1% relative

error can be obtained. (1)
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Figure 2 Annotated picture of the Agilent 5975C GC-MS

Individual component diagrams:

The capillary column

Figure 3 and 4 Front and side view of capillary column (4)



In column chromatography, the stationary phase (which in the Agilent is cross-
linked/surface bonded 100% dimethylpolysiloxane (5)) is held in a narrow tube, seen as the
orange line in Figures 3 and 4, through which a mobile phase is forced through under pressure.
The sample is eluted through the stationary phase by the continuous addition of fresh mobile
phase, causing the sample to separate into its component parts. As the sample travels down the
column, it transfers between the mobile and stationary phase. The rate at which the sample
separates depends on the fraction of time it spends in the mobile phase. For solutes strongly
retained by the stationary phase this fraction is small, while solutes strongly retained by the
mobile phase this fraction is large. Different components should have different rates, which
separate into bands as the sample is eluted down the column. The different components are
separated and passed out the end of the column where they are detected and collected to be sent

to the mass spectrometer. (1)

Figure 5 Quadrupole mass spectrometer (1)

The quadrupole mass analyzer, a diagram of which is shown in Figure 5, is composed of

four parallel cylindrical rods which function as electrodes. Opposite rods are connected to either



a positive or negative variable DC source. The rods also have variable radio-frequency AC
voltages, which are 180° out of phase, applied to each pair. After the sample is converted into
gaseous ions by bombardment with electrons, ions are accelerated into the space between the
rods using a potential difference of 5 to 10V, while the AC and DC voltages on the rods are
increased concurrently, while keeping their ratio constant. When the voltage is varied, only
certain ions with a particular mass to charge ratio will make it through to the transducer, while
the others will strike the rods and become neutral. A transducer converts the beam of ions into an
electrical signal that can be processed and displayed as a mass spectra on a computer. (1)
Instrument operation:

Safety precautions

There are several safety precautions that should be kept in mind while using the GC-MS.
Different hazards are labeled with warning symbols, shown in Figure 6, in the manual or on the
instrument itself. The machine is connected to a power source, and many of the internal parts
carry a dangerous voltage, even when the power switch is off. These are shielded with covers,
which should not be removed. Many parts of the machine get hot and should not be touched. Do
not turn the mass spectrometer off, or bring food/drinks into the instrument room, as they may
damage it. It is also recommended that the room is kept ventilated, and you wear long sleeves,
gloves, and safety glasses, as some of the parts use refractory ceramic fibers. In general, do not
mess with or remove parts. When the machine is on, keep hands out of the plastic guard, as this

is where the autosampler moves. (4)



Symbols

Warnings in the manual or on the instrument must be observed during all
phases of operation, service, and repair of this instrument. Failure to comply
with these precautions violates safety standards of design and the intended
use of the instrument. Agilent Technologies assumes no liability for the
customer’s failure to comply with these requirements.

See accompanying instruetions for more information.
Indicates a hot surface.
Indicates hazardous voltages.

Indicates earth (ground) terminal.

Indiecates potential explosion hazard.

D@D >

"/

Indicates radioaectivity hazard.

s

Indicates electrostatic discharge hazard.

Indicates that you must not diseard this
eleetrical/electronie produet in domestie household
waste.

Figure 6. Warning symbols and meanings (4)

Instrument startup.

The instrument should be running when you come in the room, so it should not need to be
turned on. The computer should also be on, however if it is not, it can be turned on like any other
computer, or powered down and restarted if it is having trouble. The username to login is
Administrator, and the password is 3000hanover. The login and password can also be found on a
sticker located under the computer stand on the hard drive. Once you are logged in, open the gc-

ms program with a double click (this may take 5-10 minutes), and you are ready to go.



Double click GC-MS to start program

- Agilent Technologies

| @ 2 B @ © |2 cme=Cony ot sprucati.. | ] Enbanced Data Ansh s .. | /B & Mt Notepad Viewer < @2 [« @I S woeam

How screen should look when you come in or after program is started.
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Data File: v I EI
acetone.d 3 Run Time
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Instrument setup.

To prepare the instrument to run samples you should follow the below steps.



Under Method, select Load Method

Copy of spruceHSA.M

Choose 413gshsa.M under msdchem>1>METHODS

- Tl

_ Sequence |

E“a coolout.

2 Copy of spruceHSA.M
&) DA-1-JWKM

&) default.m

& envdef.m

@) Gassave.M

E-E3) Gouin

&3 Green

-3 Hector

B3 10 HS M

(3 1Q_SPVEM

[-{3) leak test splitiess 26.M
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Click Method, Edit Entire Method, Click OK, Click OK,

8 gc-ms /Enhanced - 413GSHSA.M / d

MS Tune File

Files: [080612ncichd.u
080612pcichd.u
080613atune.u
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Click OK, Click OK, Make sure screen is checked but not printer. Click OK

l Select Reports

[rissimisconporameters |
B RealTi
Sample Inlet: GC Time Window: [28  min.
[MSWindowl
Solvent Delay: [WEY  min. e |
EMYV Mode: [Gain Facter ] Y-Scale:[0  to[G00000
GainFactor: [100 | =1529V
Acq Mode: [Scan 2 MSWindow2
ScanSpeedt [Noma =] Piot Type: [Spectum ~]
YScale: [0 to[io000
Acauite both Scan and SIM data: [~
Tune F
= |
V' Quant Report
ol B 00 and
I~ Custom Report
bt | 2| s | A s
Cancel Help

Cancel | Help

Percent Report Options
oty -

x|

¥ Scieen
T~ Printer
I” File |

Integration Parameter File: | Blowse...l
Cancel I Help

Make sure screen is checked but not printer, click OK. Click OK

[res————— - .
il Quant Report Options X

Sty z
o
fsavemetiodas
e Method Path:
. [EAMSDCHENT\METHODSY Browse.._|
Printer

Method File

I” File | &

Help |

x|

Save Sequence
Save Sequence As...
Print Sequence...
Edit Sequence...

Import Sequence Information from CSV File...

Simulate Sequence
Position and Run Sequence...

1~ 2Chem413_Spring2013.s
3 FH_Vanagel sequence.s
4 AWA sequence 2013.s

1Chem413_Spring2013Group2.s

My Documents

W
o™

View Sequence Log ...
View Sequence Quality Log
Print Sequence Log

My Computer

.

-
My Network

Configure Sequence Table...
Totallor  Batch Mode...

TestPlot  Additional Sequence Options...

Places

x| «®@ekE-

|2)Spearmint std-1.D

L) Wintergreen std-1.D

E] Chem413_Spring2013.s

%] Chem413_Spring2013Group2.s

3 Spring2013Group2 s|

File name:

Save as type:

ISequence Files ("s) % _:]
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Go to Sequence, Edit Sequence

# gc-ms [Enhanced - 413gshsa.M [/ Chem413_Spring2013Group2.]
Method Instrument | Sequence View Abort Checkout Secured Contr

This is where you tell the autosampler what to sample, the

= Load Sequence...
" Itruent Save Sequence .
¢ - . name of your sample, and the method to run it under. The
\ Run Sequence...
Print Sequence...
ﬁ% sample column and the Data File must be the same. The gc-ms
=~ Simulate Sequence -
gﬁ*”‘ Position and Run Sequence... . X . X .
=My B i crensissomgaorssrowzs will not automatically run triplicate, so do do this you must

2 Chem413_Spring2013.s
3 FH_Vanagel sequence.s
4 AWA sequence 2013.s

write each out each sample three times, labeling them

View Sequence Log ...
View Sequence Quality Log
Print Sequence Log

[ o something like samplel, sample2, sample3 to tell them apart,
Totallor  Batch Mode...
TestPlot Additional Sequence Options...

so that the machine will sample from that vial three times.

When you are done click OK.

M sample Log Table I =10l x|
Data Path: |D:\DATA\EHEM41 3_SPRING2013 Browse... Method Path: |C:\MSDCHEMAIAMETHODS Browse...
T Vial s 1 Method / Data Tray Comment / Quant =
ype a ample Keyword File Name KeywordString Report
| 1 |Sample 7 Altoid solid-1 COPY OF SPRUCEHS, Altoid solid-1 Tray2 Default
|2 |Sample 8 Altoid with water-1 COPY OF SPRUCEHS; Altoid with water-1 Tray2 Default
| 3 [Sample 6 Wintergreen-1 COPY OF SPRUCEHS, Wintergreen std-1 Tray2 Default
4 |Sample 5 Peppermint-1 COPY OF SPRUCEHS, Peppermint std-1 Tray2 Default
| 5 [Sample 4/Spearmint-1 COPY OF SPRUCEHS, Spearmint std-1 Tray2 Default

Sample 3 Soda-1 COPY OF SPRUCEHS, Soda-1 Tray2 Default

1 Ar

2 e o e e e e e

e‘h‘~‘#‘e‘b‘h‘b‘e‘w‘s-g‘w‘w‘w‘f‘w‘w‘w‘w‘&MN‘&‘N‘QMNMQLL‘-1ﬂ1ﬂ‘ﬂldlﬂ‘ﬂiﬂlo'aiu‘a’

i

4
Read Barcode | Concel | Heb |
Wistar] | @ JBO @ ®© |2 gcms/Enhanced ... [[* Somple Log Table | [ enhanced Data Ana...| I 6 MitiNotepad vi.. -] () Citboauments and ... | Y edtsequence ... | | @)% [« @2 8 © 11:25am
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Click Sequence, Run Sequence

k¥ gc-ms /Enhanced - 413gshsa.M [ Chem413_Spring2013Group.
Method Instrument | Sequence View Abort Checkout Secured Cont
e Load Sequence...

@ ntrument JIEERNE
Sa:

EE%E As...
Prini ICe...

Edit Sequence...
ﬁ Import Sequence Information from CSV File...
=, Simulate Sequence
S Pgsition and Run Sequence...

=My [E  1chema13 spring20136romp2.5
——  2Chem413_Spring2013.s
3 FH_Vanagel sequence.s
4 AWA sequence 2013.s

View Sequence Log ...
View Sequence Quality Log
Print Sequence Log
Configure Sequence Table...
Totallor  Batch Mode...
TestPlot Additional Sequence Options...

1 I LR O 1 I . .
Start Sequence Chem413_Spring2013Group2.s Last Modified: Thu Feb 28 11:25:36 2013

Method Sections to Run

BA

On a Barcode Mismatch

| @ Inject Anyway
" Reprocessing Only ¢ Don'tInject

v Overwrite Existing Data Files

Sequence Comment: |Chern 413 Spring 2013 +

Operatar Name: IAmanda

Data File Directory: |D;\DATA\CHEM41 3_SPRING20134 Browse.. ] E

OK I Cancel I Help | More>> l

Make sure Full Method and Inject Anyway is selected, then click Run Sequence. The instrument

will make a loud noise and the autosampler will start collecting your first sample.

Data Analysis

To analyze data after your samples have been run, click on gc-ms Data Analysis icon.

- Agilent Technologies

Pisor] | @ MO @ © |2 soms-Copyofsprucen... | W3 iyss ... | I 6 Mult-otepod Viewer - | @2 [«@2 WS 1osam
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Under DATA find CHEM413_Spring2013 folder and click on the sample you want to analyze.

Q; Enhanced Data Analysis - 413GSHSA.M / ALTOID SOLID-1.D (MS Data: Not Quantitated)

O oS0 oriol i e AT oty st O Ui e e ot ook B Cption B VEN T Mo s B e

2Eos|g@dRamRERY E | O0RLE|2 2222

G MEBERBEE 4 3

LB e BR(RsR-@[7|vad
 Browse | '“‘"[]TI(:Altoidsobd—LD\datams

| ] 080613backup -

| 1 4fb3020c503bb5f1bfed7c476f 5.5e+07:
| 1 backup method

| 1] backup sequences Be+07
| 1 backupPA] folder

=y DATA 4.5e+07
{21 105DISCOVERY

(] 3245p11-TR 4407
{1 3245p11wWF

-0 4135p11-KyungKim 35e+07
(] Ayotte D

5@ Backup 3e+07
(] Chem 312109

- Chem 413 sp10 el
(1 CHEM105 Sixir
{1 CHEM324

-] CHEM324-2013 T
{1 Chem413_Spring2013

- CHEMA13:2012 {07
(-] Copy of 3245p11-WF

-] Gouin 5000000
(] Green

] Hector %
é,..g Heirtzler = [lirime.s 1 >hn 2hn ahn & fn & 700 ahn afn | 11’0 !

C:l ReymillerKeller
(] stark
e (B £ nsess Cmailh

| B8 erhanced Data Avslyss ... | BB enhanced Data Analyss ..M Enhanced Date Analy... I 6 Muliotepad vewer < () Copocuments andsetn...| | @)

Wser| | & 4MOB O S [«@WP D ez
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Double right click on a peak to view the mass spec of sample under peak.

&8 Enhanced Data Analysis - 413GSHSA.M / BLUE NAIL POLISH_2.D (MS Data: Not Quantitated)

_(8(x]
File Method Reprocessing Chromatogram Spectrum Calibrate Quantitate ExportReports Tools Options View Macros Help
] " g
REo s |dPRes 0BRSS  O0RLE 28222
77 I I e =
G MEBEDNE £ )
I ™ N || A = o
Lidis® B % RS EDREE T
e - [2] TIC: Blue nail polish_2.D\data.ms ] _{of x|
ckup method ;l
ckup sequences
ckupPAL folder oy
ATA
10SDISCOVERY Sy
3245p11-TR
3245p114WF G LY
4135p11-KyungKim
Byotte D 700000
Backup
Chem 31209 600000
Chem 413 sp10
CHEM105 500000
CHEM324
CHEM324-2013 400000
Chemd13_Spring2013
b Altoid in H201.D 300000
b Altoid in H20-2.D
H-(] Aheid inH20-1.0 200000
b Altoid in water.D
B Aloid solid.D 100000
H-( Aloid solid-1.D A
H-( Altoid with water-1.D : 0 T . - ; o . e I :
b (;l Group2 ITime--s 10N 2NN 20N 4nn & NN R NN 7 nn 2nn qnn
b2 Groupd :411] Scan 4514 (7.138 min): Blue nail polish_2.D\data.ms =101 %]
{1 acetone.D o T
(2 Altoid in H20.D i
{1 Blue nail polish.D 240000
{1 Blue nail polish_2.D
{1 Blue nail polish_3.D = 220000
T oo ) R | W A
Kig 2 200000
180000 56.1
160000
140000
120000
730
100000
80000 G
650000
40000
20000 o
0 wi |, smose || 639, |, 830 | 980 101.0 1150
i /-5 1& Ah AE gn iﬁ P.h Rk Jﬂ 7& A Rlﬁ q'n QE 1 ﬁn 1(\4 Hn 1 1"% 15n 1 ;ﬁ
Ready '7 W [—‘

Bser| | 8 JMOEB O

It is also possible to match using the library. sesch o S oLy
LB C-\D atabase\NIST05a Bowse. | [0
. . . . 2 Browse... I ]u_
Click the Library icon to choose library. o —
Browse and find the NISTO library to upload. ! o cowa| e |

Click OK.
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Library Search Report Options ) $|

Double click on library icon with paper next to it to search Stie
e
X X . IV Screen
the library. When this screen comes up make sure screen is o
™ File |
SeleCted a'nd nOt prlnter' Clle OK' * Integration Parameter File: Browse...
i Spectum to Use: |Apex ']

Lancel Help

A screen will appear under your data with library matches.

 D:\DATA\Chem413_Spring2013\Group4\Blue nail polish_2.D\tmplibrp.txt =10 x|
UAF Library Search Report =]

Data Path : D:\DATA\Chem413_Spring2813\Groupi\
Data File : Blue nail polish_2.D

fAcq On : 18 Feb 2613 18:48
Operator : Amanda
Sample : Blue nail polish_2

Misc x
ALS Vvial : 19  Sample Multiplier: 1

Search Libraries: C:\Database\NIST@5a.L Minimum Quality: <]

Unknown Spectrum:  Apex
Integration Events: ChemStation Integrator - events.e

Pkt RT Area% Library/ID Ref#t CAS#  Qual
1 3.386 12.33 C:\Database\NIST@5a.L
Isopropyl Alcohol 288 000867-63-8 83
Isopropyl Alcohol 289 000867-63-0 83
Isopropyl Alcohol 290 0006067-63-0 83
2 4.220 44.08 C:\Database\NIST@5a.L
Ethyl Acetate 1979 0606141-78-6 90
-
K1 o

Sample preparation

The Agilent 5975C GC-MS is capable of injecting various kinds of samples such as
microliter volumes of liquids, vapor from a headspace vial, or chemicals adsorbed on a solid
phase microextraction (SPME) fiber (3) but only headspace analysis will be discussed since all
other methods will not be used during this analytical class.

There are a few guidelines on how a sample should be prepared for headspace GC-MS.
All compounds must be volatile enough to pass through the chromatographic column when
heated to 300°C. Non-polar compounds with up to 500 g/mol molecular weight and polar
compounds with up to 300 g/mol molecular weight should make it through. Samples should
NOT contain non-volatile salts or metals or polymers since these substances are harmful to the

injector and/or subsequent injections. Samples should be prepared in high volatile solvents such

17



as dichloromethane, hexane, or ether at a concentration of 1 mg to 10 mg samples per mL of

solvent (6).

Instrument shutdown

Instrument should not be shut down, but left on after your samples are finished running.
You should leave it as you found it, hopefully looking like the second screen capture of

Instrument Startup.

Troubleshooting

If the program won’t open, or the machine is offline, try restarting the computer and
reopening the program. For further problems or questions, contact Professor Iceman or Professor
Heirtzler. Do not turn off the mass spectrometer or the instrument, and make sure samples are

placed correctly in the autosampler, or you may end up with something similar to Figure 7.

Figure 7 WHAT NOT TO DO
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Instrument maintenance

General maintenance tasks are important to perform, and doing so regularly can reduce
operating problems and costs, as well as prolong the life of the GC-MS. A record should be kept
of all maintenance tasks that are performed. Figure 8 shows many of the common maintenance
tasks that should be performed and when. Remember to use the proper precautions while

performing maintenance. Other tasks can be performed as needed.

Table 21 Maintenance schedule

Task Every week Every 6 momths  Everyyear As needed
Tune the MSD X

Check the foreline pump oil level X

Check the calibrationvial(s) X

Replace the foreline pump oil’ X

Replace the diffusion pump fluid X

Check the dry foreline pump X

Clean the ion source X

>

Check the carrier gas trap(s) on the GC and
MSD

Replace the worn out parts
Lubricate sideplate orventvale 0-rings'

Replace Cl Reagent gas supply

A

Replace GC gas supplies

Every 3 months for CI MSDs using ammonia reagent gas.

t  Vacuum seals other than the side plate 0-ring and ventvalve 0-ring do not need to be lubricated. Lubricating other seals
can interfere with their correct function.

Figure 8 Common maintenance tasks and schedule (4)
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