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1. GC EMEH

1.1. SEBEEMEHRIEE

AMOE T TAEE AT R — D BARI N ] Capplication) J5iki, Hrp{(ai% /38 (chromatographic
separation) AL NEAE A (Capillary Column) [FIERETTUR, 1M B0 AR RE A BB 2 PN 2K
L HIsWRESR RaRE: 2) HisWnigid e w5k,

YEPE GC BANEHENS, TEHIRLL FREIT SR SEAN %, W2 3456 7 8

52 AH (stationary phase): Hha H AR TR )& 5 /250 o

FEWAE Ccolumn 1.D.): RFUEERURIEE 25 B AT R o

JEJE (film thickness): IS 0TI Y (R RE I /N T 42, SRR IR K o
FEK (column length): XJARZRIE 73 HE2% (resolution) 15— 3E 5%

TR BUR e MR 3 s & e 00, 6 TREE I S T ) e s A 151

1.1.1. EE+H
X fRE A, T BN AR R, 2 T AR AR AR At REAR R 23 D, (EDRT [ 23 A
RE RS IR R AN (AT

EEOPHEE N S 1P GC BANAE AL T2 ZOR A AR T (KIAR A , B ARG IR [ 7 A (stationary phase) «

i e AHCARES (film) (B ERAT (coated) 7EB41EHE (capillary column) ¥y EE Cinner wall) Kifil. H
WA SRR DV S, BT BB E T, G W A S A2 R B Re it 22 57 L L [ e A
(RAE HAE I 22 e IR G W Re 40 BS IR AR I R o 2P H bR S0 B “AH- A8 HAE R D37 (the strength
of the analyte-phase interactions) 7= 58K, S “HH-WA8 HAEF 37 58 40 JTUE A vy B 1D N [R]85
K, LREFI ) (retention time) iR, DALy AR R BT IS 1) (T i it [ e AR S5 A4 S0 “AH-0 28 HAE
717 WIS

FER AR S AT CHEAE S D, 2% HBLI— oL JEMAie 59 CREM Tt A
HbrA&2) £ WRBAEF LA DIT, H—NE B, SEOCREtE . XM “ILHHh
(co-elute)”. IR R B e ARAME 22 R BRI BANAEHE, XML St vl REFS 270 1.

PP ARAN RIS A (R A0 A 20 B[R] A A, 3 P AR St P RO BH MR A T XU A A, BEPITAR (1% A
AR H AR I PSR, XAt “ U E 7

P g B AR A AR R I EA, A F H AR T8 5 AN “ -5 AR
jj 7’0
1 BN A PR IRE

IR T 1950°s I Ut 22— Fl AR A AT HoR . (analytical technique), Toig 7 ok sl T
AR RAT R N TS, JErR 2 TR LA B e o ] A 0 AT A S K 0 AR, TX 4
BRI AT ABCUR A A i BTN AR PR S 5 Bk

I AMETEREBEN g — Rt S PR AR T [ AL P AR, PRSI TR AIAL X N (RS A B HT U, X 14027
Al LS ISR I PRI 7 H I BAE HE

2 WA EF LR ERERE
X THLRM O TR, AN LRI S WIT ATk, S — AR D s A NI 25 Bk
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BEIXRN “T5EIF R (method development)” ¥ TAERS, HiARN RZ0 B ARMEGHIRALENE T (et A7
FT T, FRHE I IR AS Rk 27 SR 0] “ARABUAE 25 Clikes dissolves like) ” &£ BA1 & FEE 2 AH, BIRLHE AL -S4
BRI 2 AR TR AR

* 111 EMEHEERS S TIREXRE

compound Polarity T Phase Polarity

NS A S N
e LD s A
non-polar compounds 42 ( alkanes ) =
AR AL &) non-polar column

*-5ms,

SCH H BT AR *.5,
NE C-C #

B2 (alcohols ) *.624, *-1701,
polar Compounds H&% ( amines ) y *.35 y *'50,
Wt &4 ¥ ( carboxylic acids ) , *.225 *\WAX

— 5t (diols) , polar columns
EEBAMBENETF Br, B ( ethers )

Cl,F, N, O, P, S
B\ ( ketones )
GREE ( thiols )
Polarizable #92 (alkenes ) | SP-2330, SP-2331,
I
R K2 (alkynes ) , SP-2380, SP-2560,
2CH H BT & (aromatic ) SP-2340, TCEP
s i (L A
R C=C @ c=C & BmE{LEY ( hydrocarbons )
3 S FEMER D

P ERHRAAE T T 50 P2 s s T a0 W EREBIZ BN 0, &+ E AR AR
VRO 117 s 1 /A IR = D FUNER kDN P T B T B/e Ry ST s R e o I N N R R )
TokEZ ), 55 7SI R EE .

AREARIEAN R S 0] 53 A -

{0 /) (en:London dispersion force): [B# I A% 2 18] (K FL I 51 75
W gy WA T ks 0y

FEFI7: AN A A R kS )

U X-HeerY BMHER )

AN, BRI A RVE R AW e, AR X R

i) (dispersion force tH#x “1&#7; London dispersion force”) & 4>+ Bl i1 MIH AL o 72
Sy IS AR M VR g, B T 0ia 3l), 1 a) F PR ) B AR AN BRI, A3 A2 130 1 Py
oI T AR IR IN RN B, AT AE IS AR o (500 R LA 201 IR TR G, AR TEMEBRR
oy FRER, Efbf#ﬁ)x)éﬂfwﬁ)\ CEOTRAEAE R 2 I B A, 20 I LB 389BAIC (4
THITE R TEE L), BEUA,

7y Corientation force) HX Il 3k AEAEM MLy F 5+ 2 0o H TR 2 10 FL M A AN S5,
— U IE L, i SO, TR, P, U AR BRI AR R, SR
A, AN ks B AEARNT Bl o IXFMEAR 1 I E AR, A A AR PO AR S (AR ARG, MU A B s
KW AR G BAR BT, FIAR R e, &5 R51 KT R 1, WA Faeil, “Eans|—wls2 e,
J& 1551 D338 BIANS VAT o X0 B AR 20 - (R 1 = AR 16 237 TR AR 0, MU ) 70 B 0593
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WA 7 R L, B3 AR RO, B Bk . B B il e B L, L SE By, I e
RMEAEIREE Ur6 T2,

731 (induction force) fEMK 735 AR A 7 Z 8] LR AR 205 R AR 7 1 2 T A7 AE T 3

TR A AR BT 7= A (R IR AR 3 R PR, AR 1 L S AR TR (B R 2 R 1
PET TR A IE L —4K), SRR L I 7 = SR R AR RS, ASRARRAE 27 (R IE
AR TICRINY a1 A DA DA 2 e NN A O 141 5 e VA O O 1 O S L R i RIS PR A AL 'S
IS A Ve SN AT SR 872 R 0 R DN i 4 o e R R ROl LR N S A 8 B RS R B &
FHEWRS], XAl TS M - A A, %S .

FERNE > R E Sy 12 18], B TR 08, i AR 7 A B, R4S s B, P2k
PP SR T AR, BERAHUR BT, A TR 12 R i L &
73

4 SR
A4 (non-polar compounds) {547 C Fl H i (carbon and hydrogen atoms), k.24

IX45 C-C ¥t (carbon-carbon single bonds).
IR AW SRR HAEREE (n-alkanes, Normal hydrocarbons).
{f F AR B 4054 (Non-polar capillary columns) 23 HT IS4k &4 vl LAAS B 5 4 1K) 20 125 45 3

RATEAERAE B EAEFI AR AW 2 RIS HAE (Interaction) F2AG (EU), B 5 F AT
ORI K . PRI A SO AR H AT B s 1k o, [T E A EOR AR B I ) BB e R 7 il A
PRI (eution order) 5iZAb& 41 (boiling points) i IFEEL Gl iy, I D

WetkAk5%) (polar compounds) J& LA C A1 H s+ 284l (H2 & i tkssiii+ Br,Cl,EN,O, PR,
S (bromine, chlorine, fluorine, nitrogen, oxygen, phosphorus, sulfur).

IR SRR DRSS (alcohols), %2 (amines), FRIR (carboxylic acids), —JciiE (diols),
i (esters), Mk Cethers), M (ketones), fiili¥ (thiols)

A ) R A5 AR P B B 40 45 FE (intermediate polar or polar capillary columns) Z3 7 Ak &9 mf LAS 3 E
WP B a A

K AAE B AN B R [ e AR AR AL A 2 TR S AR Cinteraction) = B4 {4 B ) 77 (dipole
orientation force), = - n FI/EKIR-IRAE HAEM 7 (acid-base interactions). 43 5 245 F&-F0 32 H AE ] g 1 8

AR LB (Polarizable) i LL C Hl H R AJEAl, (Hi2 & C=C st C=C % (doubleor triple
carbon-carbon bonds) .

R A ML N e (alkenes), 4kt (alkynes), &AL AY) (aromatic hydrocarbons),
77 EIE XUEH RIS (benzene-ring) LA

TE A AR Y E B4 A Chighly polar capillary columns) 23 HT 2R &4

5 FHR S R B

IEEE A (non-bonded phase) et il i AN fif SRR A BIRE A BER T Lo Pl T A1 2 1 A A B TG I £
WA, AR BAT R SR, i HAS BRI REDE -

BG4 (Bonded phase) & 5[] i AH A [ i mlibl A 272K 45 (immobilized /chemically bonded)  £IJ4: A £#
i k.
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— R UL RS AR B A, PO LR LA A 1 (bleed), W LA 52 5 s (A, DAL
i rT U RIsE (rinsed with solvents) R &S 7E AR AR R M) it (non-volatile materials) JiiE. —
P AR BN A A TC VAR A [ e A, BRI AR () [ A . HELE Y O RE A AR S A R A
K, SIS R Sl A W A R e A 1) e it P82 PRI Cmiaxi mum temiperrature limit) .

1.1.2. RE

HETF ik GC BN % Cinternal diameters) B 75 Bl FH AN LR EE 6 R I R 5P g 4T
WONFEN 25 . BRI N RIE B[R HAR M i 7 22,

7 142k (narrow bore columns), i 0.10 5% 0.18mm 1.D..

KH4%4E (widebore columns), H.1 0.53mm1.D..

0.53mm EAH T BUEF A A&, BATROI G B E e A . IARIFRFER 2 2R, 0.53mm K142

RPN RT3 v/ R ST DK A1 P 9 S Al w2 o e W e U B - N i s [ A AN= A 0 B P e
FEREHAR AT

0.32mm HEZAHAR T 0.25mm HAAE, G K T-HAALK) 60, FHFHIA Bl ikt L 2EFf

0.25mm I IR MG . ARG IR, ST AR, AR BTE kR . HI TR 024
7T o

0.20mm A2k, S B AR, FAREUD, & A5 T A R I o

1 ER
FERE R FE S E5 AT (number of theoretical plates).

BAEHIE (efficiency) DLURESHREL (plates , N) SARKESHREL (plates per meter , N/m) fiif 5,
PERECS RN AR P

WEARFER P S AR Z I H b (anadlytes). BE 0 M th N TAREEIL, A 148 H bn i) b iz 2%
WU R AL AL, EEE PR AT

TEVER, N TSRS (Fast GC) 1% AR KR B0 A RO R R 545, L n B i 7 4y
#% (pressureregulator) L3R 14k & (column head pressure) .
2 HEmAEE

FEfh 25 (sample capacity) ZRFR “ g &7 SR ] U N2 AE L FEM 414> (sample component)
Kim, E RS S EE P RS H bR (desired sharp peak) 221kt 2% (overload).

PRS2 REBIRE P AT, 0.53 mm P2 15 11 72 B AN K ST BT RE R A0 . HERY I 4
B RE IR A0 2 3 B0 0% (skewed  peak) il G 4> MF % (decreased resolution) . &Ik 1 52 45 43T (1 BE &
(samples to be analyzed) P15 FIVRFEMIL A, SRHCFETETREC, SR B K C PRk, Sy BE B8
e, RO AR A, AT

R IE Y ARAN AT LSS ity o35 d 20 (0 3 REAS B AL 06 (10 AR BBUEE, 0 HAN S0P P 10 32 1l 1ot
Beo FORRREIIN A, 0T DAPE TN DA B B A S BURARCN Bt 5 nl A2 . F 28
K3 A A A M RO 2R SSORINE i AR OB PER e SEMA R i A . —RBOR UL, ARRRAE AR AR AT A
B FORE A, A [ S AR AR AT A S R A e A

3 Hik 30m, 0.25mm I.D.#%

LA 30m KW i A1, 0.25mm 1.D. FEn] EASR AL i K (1 AR AR, AERCnT LA A2 K 2 KO 7 22,
I HPEHE T R i A . A5 0.25mm 1D, AEFEAERCRI A Bt 2 [RA et AT A (K022 0, 368 o A 4 v L o
Ko AR ey, FrEd 30m, 0.25mm WA GC B4 FE I il K e (AT . 70# 4 nT LLFE 0.25mm
WAL B R b, 30— PR AR [ IR G B AR A TS R 2T A B AL
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* 112 HAZRESHYMI IR ENXEH
Internal Diameter Efficiency: Plates/Meter Efficiency: Total Plates | Capacity Each Analyte
A4 1.D.(mm) BAKEER (N/m) 30mEAER (N) Z DB E(ng)
0.53 1,300 39,000 1000-2000
0.32 2,300 69,000 400-500
0.25 2,925 87,750 50-100
0.20 3,650 109,500 <50
0.18 4,050 121,500 <50
0.10 7,300 219,000 <10
M KEASHENEILE , ITESZMH 1 K = 6.00 1 85%KRMME ( coating efficiency ) ;
HREEL UL HEA | ng/uL=pg/mL=mg/L=ppm &,

P AR ARSI EVE ST AE LR AR, SR,

1

2.

IS

0.53mm I.D. KOZEEMEHNE S

1983 4FE[E HP AwHeEE AR 0.53mm K D42E41H,  0.53mm AR BT, b T
0.53mm I.D. KA LL R A

AEZEAE—FF, A GO HEN B AR AR5 R il b, #AT BLS (b SR s A Aok DR AT B
BERE SR B (S -

HARSRMEYE, X TR (BEERT 0.5um O Fkil, BEGH A P AS TR, MAFLE
R P REREIL, ARATA TR AL SR 23 AT

HATEGS R 2R B Ay, — M 10 oK KA A SRS 2.2 7B igt. XA
By BT D B2 T2 A i, BLHAERZ WM Hrh, JFAREGRARE b o JX I aT
KBRS AL, W A IR B s TSR 2 B . HZ i ) BEBOE AR AR 2
HATIEFAE R i BRIEEN 100 m (R DAREERRE M D i, BEOICEEO 5% AR 2.
16mm [IRFERE . R YA RERE DA S5 ZE AR, 0.53mm 1.D. K AR ETE 4 ] LIASK 7 it ik
P T RO R R, RIE N TR ALy OZE) sy GREREE ar.

K OAETBAE FE W] DAL iy SR SR P it Ao D 45 S Bl i &, (BN AE AU RO A I 35 D8
CROTAE i, BATRRCRE e U ORGP AN . AT G AT N, AR S A 3R
PR R 22 A PB4 A5

FIK B4R B0 HER IR 78 (il AT IR e Jie i SR 35
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5 BEIEHIRERE, FHIMEREES

Fused Silica Tubing Inner/Outer Diameters

Tubing I.D.

010 mm 4
0.10mmY
018 mm 4
0.18mmY
020 mm*
0.25 mm *
032mm?*
053 mm *
0.75mm*

Tubing I.D. Range

0.094 - 0.106 mm
0.094 - 0.106 mm
0.174 - 0.186 mm
0.174 = 0.186 mm
0.194 - 0.206 mm
0.244 - 0.256 mm
0314 -0.326 mm
0526 - 0.546 mm
0.737 =0.758 mm

Tubing O.D. Range

0.349 - 0.369 mm
0.290-0.310 mm
0.349 - 0.369 mm
0.330-0.350 mm
0.349 - 0.370 mm
0.349 - 0.370 mm
0425 -0.450 mm
0.640 — 0.680 mm
0.875-=0.925 mm

4 Analytical columns with non-polar or intermediate polarity stationary phases.
¥ Analytical columns with polar stationary phases. Guard columns regardless of

deactivation.

* Analytical columns regardless of polarity. Guard columns regardless of deactivation.

1.1.3.[RE

BARATG 5 PO 2 A P LA B SR B WA Y, B AR S A T IS D i PV e i Ly B RV R B, 4
PR RS e S MBI AT IR FRIELE BB T AR i

BATGHEE S PO st - 20 AT A R P B A 280 [ s A PO AE A R T AR S EL A T o, A At R R, 4

T T IR AN RE K s o

BERARG 2 1) 5 A R 0 W 1 SRR PR il P32 s S P I T 37
BENR R8RS P S AR e, EARIEA 5 ) B 45 S B T 5 6
R JEBUBAE R THE R M H UL SRR BAT BRI R RE S, T LA 0 R AEAE - (subambient oven

conditions) 1753,

% 1.1-3 BEE (Film Thickness) 9%

BUEZ Y EIEE]
Rl Y RBON, (S SR RIS AT (trace analyses)

HHBUEL Cthinner film) | 0.1~0.20um F LA (>800C), HhliAkZy, PCBs, FAMEs, %I,
R

PR 025-038um | FRbAECAIRE BT

B 05-1um G R, YR PR

o e o BURBUGRE, 2B i 200C B T 5 AeFFi, O UTIEWh 24
PRI Chick film) | 1-50 m BT AR e R kK

F 114 EEX@IET

AHYE N (Effects of Film Thickness)

T

0.10 to 0.25 um film

i JE U
1to 5 um film
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Sharper peak shape

, May increase resolution : : . .
W= Reduced interaction with tubin:
. Decreased column bleed g

: | .
Benefits Increased signal-to-noise nreased analyte capacity

Increased max. temp.

Increased peak width
Bl s Increased interaction with tubing | May decrease resolution
Drawbacks | Decreased analyte capacity Increased column bleed
Decreased max. temp.
Increased retention

e Decreased retention May increase resolution
Other Decreased elution temp. Inr | elution temperature
. High boiling point analytes Low bailing point analytes
f)jﬁg% Semivolatiles Volatiles, gases
o Trace anayses High analyte concentrations
1 ik (BO

A AR R AR 0 (5 A R 2 FARKAY C(interdependent) 963
HiLL (PhaseRatio) (B, beta), A4k ARG H 2 TARBURIE E ARPRB EUAEA L T8 3o
MR BHE NS 2 B HE.

p= 2 x film thickness (um)

R ARSI e e A2 T o P EGAEL 1) A JRE A7 B A0 A o [ AR )52 5, BB J 3 T A 22 ) K/
FEARRT e L5 BRI SRR AR I ATE AR, A LEAELDG B A0 AT A v 8 B M55 1) T L
BESRAL T — AT PSS -

column radius (um)

FHEL B FEI R Y

<100 FEEER M Chighly volatile), ko F &A% (low molecular weight)
100-400 W, EHAAYERR) .

>400 2 FEAEY (high molecular weight), JEE 3T (trace analyses)

AHEE TR 59 80— FH s A2 B 48 Py A R ST AN [ (1) A T, 87 € sl A 1 AH AR i Al s ] A4S 3
FAN o Bl o AH ELAE BT 10 LB A AE [RIFE (1 23 #1454 (same analytical conditions) 734 Al — ik &4
N P R [T S T i) | T) B ek 27 U




1-GC B4EHE: 9

Columns With Similar [} Values
SLB-5ms, 30 m x 053 mm L.D., S5LB-5ms, 30m x 0.25 mm LD.,

0.50 pm ([} = 265)

0.25 pm (} = 250)

. ‘ JJI £ ] L.'-._}L—-u-f —d .‘ l |I] i iy
mjmm LR LR R N LR RN LI R R RN RN LEL RN
18 19 X 21 22 18 R 20 21 A7
1.1-1 L EIEIRRIEH (Columns With Similar B Values)
F 1.1-5 ERMEEIEHAHE ELEX X

PSEE JEJE um

diameter 010020 025|05 | 1.00| 150 | 3.00 | 5.00

(mm) FEPAR(

0.10 50

0.18 90

0.20 100

0.25 125 250

0.32 160

0.53 265 265
1.1.4. 4

IEFE O 32 B2 B N 3R 1 IR s — WA (column length) .

R, SO A AT AR A S 0 2 B8 (resolution) . HE (L FE IR Y K2 52 BIBR B A
FESK AT A AT B, W 55 AR I 3%

2R, AETEIR AT (isothermal analysis) 4511, AHXTT 30m AT, 60m A1 nJ LLEE 543 B9 40%, {H
ST NI RIS, A0 S0 55 A S o

FA N RS B, (O AT A B R — 7 1 & 2 B B S AR AT Sk R Chead pressure) (14T 3K
(compromise); 5 J7THSE /> Wi 15 7) B (resolution) T . FELUEMK 0.25 mm 1.D. 25454
Hre

= 116 MK EFS BERIEM (Effects of Column Length)
Peak 1 Peak 1/2 Efficiency:
Column Length Inlet Pressure Retention Resolution Total Plates
(m) (psi) (min) (R) (N)
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15 5.9 8.33 0.8 43,875
30 12.0 16.68 12 87,750
60 24.9 33.37 17 175,500

PLEhERM (theoretical values), £cfF: 025 mm 1.D. F, 85%iRAiz% (coating ef
ficiency) , 145 °C{aiR A, (isothermal analyses) , &A%< (hdium), Z#)¥ 21 ¢
m/sec, k’(peak 1) = 6.00

M LT E BRI, 2 8L KRG E T, SERR 1o 2B 5K 17 I AR i
too DAL, dnS—Xd e B A4 (acritical pair), 4B /NT- 1 (resolution<), 38 J—£% kKA
BETEULL 2 (resolution >1.5), RICAERE AR KAL) 23 B & b # (iR J5 —# (alastresort), 547
G RE IR s, (AN K

) I [ 4vida;
W4y B R SRR N T, e sE G, sRE S
RAANH A AL 22 5T (chemical nature) %55

HiH: 10~15 K Bk (dissimilar).
43850 10 AN EL0 AR

hRH 20~30 K 73 10~15 AL IR b

KhE 50 Kb I 7318 50 L0 B EOFEA,

MBS, 30m FE] LAZE /3 B (resolution) 43 H7isE] (analysis time), #1:3k/E (column head
pressure) . [A4& At I 114

60m A1 ] LLER (L S R 2 B B, TG T o B B B R A S DR i o

100m LA_b (PAE 100 43 1 15 2 sk AR v (W N 5 B b B2 24 0 i AR L AN 0 e (1 40 15 5 )8 (detailled

analysis of very complex samples), GIUnvt ik r8r. b T 4ERpFT R, XA B0 E N AT Sk He (R 25Kk
W, HALHE (linear velocity) frIREFE Bl 32 FR 7 .

1.1.5. EHEHEFNHEERE
$5RE SR E e

I 59PERESL, Wk OV-1, SE-30, OV-101, SE-52, SE-54.

I PRRMERESL, WiE OV-17, OV-1701, XE-60, OV-225, OV-210.
I WPERES,, A% PEG-20M,FFAPOV-275DEGS.

F RO

b RPERRRL: 59BRTERTIE OV-1, SE-30%%;

I oRBlE ey et PEGB

I RVERE: FRAP

b LR

I SWb A nT ik OV-1, SE-30, SE-54 Z5A5IEF:, JHEIK

* 1.1-7
1.1-2



1-GC B4EHE: 1

ZZYRL (i, WINgiR)
[ol [10] [11] [121 [13] [14] [1s] [16]

[Y]Grant D. Capillary Gas Chromatography[M]. Wiley, 1996.

[2]Grob K. On-Column Injection in Capillary Gas Chromatography[M]. Hiithig, 1991.

[3]Grob K. Split and Splitless Injection in Capillary GC[M]. Hiithig, 1993.

[4IMc M. Master and Christopher McMaster GC/MS: A Practical User’s GuideglM].  Wiley-VCH, 1998.

[5]McFadden W. Techniques of Combined Gas Chromatography/Mass Spectrometry: Applications in Organic
AnaysisM]. Robert E. Krieger Publishing Company, 1988.

[6]McNair H., Miller J. Basic Gas Chromatography[M]. Wiley, 1997.
[7]Pawliszyn J. Solid Phase Microextraction: Theory and PracticefM]. Wiley-VCH, 1997.

[8]Rood D. A Practical Guide to the Care Maintenance and Troubleshooting of Capillary Gas Chromatogra
phic Systems[M]. Hiithig, 1991.

[°]

[+°]
[*]
[*4]
[*°]
[+4]
[*]

[+€]





