“UB/AHT” FHRRN
(Instrumental analysis)

ferp R RS R R A B RV

H— 255 (Chapter one  introduction)
— N 5S4 BT (analytical chemistry and instrumental analysis)
bt R YR AR T, BASE R, AR E YR A S5 R a T R 2R AR
FE .
WRSHT: P50t (substance analysis) FIFA)04T (matter analysis)
WA I AR 98- 0% - SRR R R
YR T WE R TT ¥ 7 B4k (analytical chemistry) — Zp Bk s%: 42 or#r
(chemical analysis) R (X280 8T, instrumental analysis)
HZE 5T LA AR 27 SO A R R 0 B T o P ERAA A0 AT LAY B ) A R ) AL
2 TN FERE R 0 BT 71 X BT MR A B e e i, WS B AR AR 2 B
L AN TR S (The class of instrumental analysis)
43 Bt (spectroscopic analysis): ARG AR A FERE 428 20 T 1k .
JEEFE: WOl A, HUR, ATEE . Hi4hAT (electrical analysis):
LM, AT, SN, MERESN, EAE, REE. B0 (separate
analysis):
ik, BIkE, IR,
H'¥ (other analysis):
i BB, SO, U RS,
L A TR R AT B (The characterization and process of instrumental analysis)
) ot — MRS 420 0 ) ) 2w A 3 A 2 R P45 IR — REAT 0 b 38 — 19 30 P T 1) 20 il N 45 4

(substance)  { Zrbrixds CHEfR) } { WEML AT )
(analytical instrument) (computer)
DY, P71 8s (Analytical instrument ) 1. MMM aSREAREEH
it &ML

| | | |
SHESRAER -EISRNE~FTABEE AR ERE 20 W OESNE SR8
CE3:S SRR IR RBUE. TR HEfRA L.
BT AT SR T FHI0E P NVER K LA b
(The points for attention of studying instrumental analysis)
A FERFR . PR EEARS
B. SERERERTY
C. SCHRBERLIE DY 5 40 b
/Ny 2% 15 (Representative books)
B AR R REEIAREE
SEHHM -
1. IARER 00T A E AR ML RS L Rt
2. T Rt B EORSEUARG:
3. AT R RSEE LR
4 BARAES S HERFELAMA: 5 AU BRGSO i
R K L WA
6. (AR RS () REgRHL G
. RWAEE E I ARMb S A
8. ANAS TR R AR N EDES R Bl AR



B ik 3R
Chapter Two Introduction of spectroscopic analysis

BN BRI (The characterization of light)
—. PN (Characterization of light waves) Wahtks%: A (O
£, Wavelength) ;
n (JiiF, frequency)
C (Jti#, The velocity of light)
v =1/ A (J%%, wave number)
KEK=C/ Ar=Cv
5% (monochromatic light)—— R & — Rl ok ik K%,
HE (multichromatic 1ights)—2 MRk i% K Hs.
BN Ot (5O, (scatting light) —4RE B AN,

FeiE X WK AE i H LA E Y 2k
0.005-1.4 A A >102 eV X ek 0.1-100 A A
15 4 Ak 10-200 nm A or nm 124-6.2 ev % 4
200-380nm A or nm 6.2-3.26 ev

p/%;s 380-780nm A or nm 3.26-1.59 ev T4k
780-2500nm A or nm 1.59-0. 50 ev HH 4T 4} 2.5-50um um or v(J¥
#) 0.50-0. 025 ev LM 50--300 um pmor v 0.025-0. 004 ev 1k Uk
0.3 mm——1m mm cm m <1073V

Tk ik 1——1000 M

We “see” objects by means of either transmitted (i) or reflected () light. When
“white light” containing a whole spectrum of wavelengths, passes through a medium (/}*)fi) such
a colored glass or a chemical solution which is transparent to certain wavelengths but absorbs others,
the medium appears colored to the observer. Since only the transmitted wave reach the eye, their
wavelengths dictate the color of the medium. This color is said to be complementary ( H %) to the
color that would be perceived (/&%) if the absorbed light could be inspected, because the
transmitted and absorbed light together make up the original white light. Similarly opaque colored
objects absorb some wavelengths and reflect others when illuminated with white light.

Visible Spectrum and Complementary Colors Wavelength,nm Color

Complementary color

400-435 Violet Yellow-green

435-480 Blue Yellow

480-490 Green-blue Orange

490-500 Blue-green Red

500-560 Green Purple (3841)

560-580 Yellow-green Violet

580-595 Yellow Blue

595-610 Orange Green-blue

610-750 Red Blue-green

L BkiYE Microparticle characterization of light )

Parameter of microparticle characterization : E E=hn=hC/AX h—Planck’ s
constant h=4. 14X 10™19ev. sec =6. 626 X 10_27erg. sec
C=3X1010cm/secOne photon energy:E=1240/ A (ev) DL <R Vi S|

nm

BN R T E S TRRESU B T AR RESR] 1 ERIT



Atoms and molecules energy levels and electronic transition on levels

—. BT HER R RN B LT (Atoms energy levels and electronic transition on levels )

Atoms energy levels : AE 1--20ev
on UV-Vis spctrum J& F 5% HIFFIE (Characterization of atoms spectrum): Hif-f
18] (R ERAT, JR 1, ot
(Transition on electronic levels,
electronic spectrum, linear spectrum. )
ORI RER e HF- A REZR [A] [ BRAE molecules energy levels and electronic transition on levels )
W-Vist ey ROt . R E ST, BERIRSNBER IORT A 454 Infrared : k3]
WeRGIE,  ERRERIEY,  RERBELSIREZKAE 4455 Sum up atoms and molecules
spectrum
HAtoms spectrum:
Electronic transitions on electronic levels
Electronic spectrum
Linear spectrum
EMolecules spectrum:
UV-Vis:
Electronic transitions on electronic levels
Electronic spectrum with vibrational fine structure
Band spectrum
Infrared:
Electronic transitions on vibrational levels
Vabrational spectrum with rotational fine structure
Band spectrum

2 1RE g2 SR{E B T BB R
AE 120 ev WA T AR R
CEANT WL X)) R SHEZ L7/ Do
AR (S R
(BEEH T ElE)
PRI AER AE 0.05-1 ev S RN SRR PR e
(LT AN X)) MfER. TEHTE
P, ERHUV/Vis 2. BEEhkE
&% AE 0.05-0. 005ev )R e N N5
(RELTANX) KJE. i mESns
THHERE R

2L PR AERIYER (Interaction of light and matter)
WO HUR BP0 AA E I, BRELE 5 B AR AL, ks ORI SO — B 23t
When a beam of radiation strikes any object it can absorbed, scattered, reflected
or it can excite fluorescence except transmitted light.
1. PO R
SOk e, BN AR AR, R 10-15 sec. , HL - IR IRT B R REAS I A

X + hv —Xx*
WORA I ZF A IREL, 294 10-8 sec. , RJG AR ADEWE AL E RV S, BARATER
[m S FEAR .

A B T HIVE S AL, SRR AEREE G MR, AR IR
Xx  — X + #fE



B. WERATRIETHEMBES: Xx - X + h
A SRR KT A G H3EK, IXFP A S AR LR AT, i G AR LIRS 28 X 201K 1,
X REPEIR 2D, X JRF ok, T RE PR K.
C. WERHATHIES AR, —80 R CAIARES, NRERE RSN RIKIRS)
RedR, SR T M BIES M IR BEFIT R HE T, X PR AR
Xk — X + hv + #fHe
P60 K ST I B A B RO KK .
D RS TSI E s FARRE, —M o e A IERE, TR — MRS NRIKIRS) 6
&, CAHEKIE P RSN EEAR TR ZES, 0 FTEZESHEERK (M 101 sec.
F 10sec. ), ARG TR RS K I E PRSI BE R I ARG T, XA S BRI .
2. WRHEUH R RE (B (raman) U
NI 65 5 7R 5, W R AR S O Bl AR U
S IS, D 54y R EATH, OGO M) SRR, IX MU AR B A B . AR U
AP L -
A WFEETELY  ABDREREES TR, B RS T T, AR R
Ret LA G RE & R, RIS KA K B 01 o s e AR W e BT 6
B. RUFEWITE AW SIRSIBERA TR REA 12> 7 R A AR AR 5, Al
FEOr 1 R IR B RE R ER M AR R 2, HERE B 25048 T Ok, T2, e raesE i, r=A=m
TP A G KT K, il e AR R B v gk . U BRI R LU AS G RE T FF,
BRI KAR Ko B ST o il 2o AR e e BT 2
BN PRRSIE SIS
Spectrum of matter and spectroscopic analysis
Gk A FE AR Y e RO AR 1 77 ST 4 1. WBOkiE (absorbed spectrum)
JR RO (n AA) s 43 FIOBORTE (Jn UV/VIL IR 45) .
2. KEH6iE (emission spectrum)
JRF R EE R RS, JRF90) s 201 RAHENE (41986, #) .
HOH it (b 2 HUN Y61, scatter spevtrum)
. S HTiE (spectroscopic analysis)
FIH &P E AL & 35 120 - RE R s A & B M5 R, VR e R = B i 072
TESRIE I TES
1. Wtk
JR IO (AA)
I3 FRBOEREE (I UV/VI, IR 45)
2. RUHIE
JR RS EEE 81 R0, R 7-25t)
o R e (015, )
3. BB (R 2 SR i)

LIRS 721
Spectroscopic instruments
TR PR -
STIBUR Y TPV S NL PSR Etich: VRS Y RTINSy 8
AN R FE AR K -
1. *:)8U5 (Souse)
2. A:Bfag8 (Monochromator)
3. O:FEM (Sample cell)
WO R 2% (Atomiser) 4, O :Kad2% (Detector)
5. w5 5H, AbFESS (Transmodulator)



6. W: B2 (Display)

I3 1AL JE 5 A
W
C.

- O-A—-0—~—N Dl. O—A—0—«~—N
LRl f D2. O~A—~0—~—N
A t
R r A

* t
*
PV GRPIREE N 52



=R gAML G TS S ik
(Ultraviolet Visible Spectrophotometer, fiajfgk UV-Vis)

BT BRAM AT DL R A U
The Theory of UV-Vis Spectrophotometry
— ERANA] W RO 54 T S5 R I 9% &R (UV-Vis absorbed spectrum - molecular structure
relation)
1. UV-Vis BRI Bk (Chemical origins of UV-Vis absorption) 4»14NEHLT
()53 FRE ] LA23 O~ FuRb, B o BB o ¢ ROBEBLIE, w pch S ok OB, n ARBESLIE.
A. o 4188 (o (bonding) molecular orbital), : L
_C__C_
Lo
B. n f#4iE (= (bonding) molecular orbital),
n: >C=C >C=0 -N=N-  -C=C- C. nf@$E
((non-bonding) molecular orbital), m: -C—Br: -C—0:H -C—N:H
In addition, two typed of antibonding orbital may be involved in the transitions:
D. o ¥R @i (sigma star)orbital
E. n ¥R (pi star)orbital
o, T, n PHPIENIESHIE (ground state orbital) , o¥, wELHWRASHIE
(excited state orbital).
2. A FHTREHAERIE (Molecular-electronic orbital and transition)
The following electronic transition can therefore occur by the absorption of
ultraviolet and visible light :
0—0%, n—0%, NT—=0%x n—>nNk 6 T—>T%k 0—>T*x
A, o—o%* JKiF ( 0 —o0%* transition)
AE BK, BRIER AR ERAMX, 3 KGR T 200nm. W1 F%E (125nm), Z4e (135
nm) .
B.n—o* BT (n— 0% transition) AE B o — o BRIEE/N, IR A
150——250nm P KGN o WE AT 2451 FHFRATEY) . BERIOKCR S — AL 100-300 YEFIN .
B n— o* ERIET BRI —8 Ay mABEK BEORIINRE &Y BN
K BRI R %

(nm) (nm)

Ho0 167 1480 (CH3)9S 229 140
CH30H 184 150 (CH3)20 184 2520
CH3C1 173 200 CH3NH2 215 600
CH3Br 204 200 (CH3) 2NH 220 100
CH3I 258 365 (CH3)3N 227 900

C. n—nx f n—-xnx*x JFKiT
X AR M. AE D, SRR KIS KT 200 nm o IXPIRERER
ZEMAE T WOBER AN o n— m* BRITEERKMOBCRER D, A4 10-100 JEFN . i m — =
kPRI R R R BUR K, B n — no BRIEK 100-1000 £, A £ 1000-100000.

n— ok Ml — mok BRIEAHORCRAIE



At Bl T W A A pax (nm) PRI RS BRERG S
CeH13CH=CH2 1EBERE 177 13000 T Tk
178 10000
IS CsH11=CCH3 P 196 2000 T — 7 %
225 165
1 (CH3) 2C=0 280 16 n— T
2 CH3CH=0 293 12 n— n *HY
CH3C (NH2) =0 214 60 n— 7%
CH3NO2 280 22 n— T *
CH3N=NCH3 339 5 n— T %

3. TERIRAIEIE A E ISR (Correlation of molecular structure and spectrum)

A. JLHERN. (Conjugation effect ) MONTEHEZA o i, Jf H ksl
TR, FEHOBOV N, o — ok BRAT A SEAIR, WSO fse KW IR0 1) 1% T 1) 2 3, 2RI
AREW K. AN (red shift effect)

m — T *ktransition, when occurring in isolated groups in a molecule, give to
absorptions of fairly low intensity. However, conjugation of unsaturated groups in
a molecule produces a remarkable effect upon the absorption spectrum. The wavelength
of maximum absorption moves to a longer wavelength and the absorption intensity often
increases greatly.

i
A pax (nm) ¢ max
c=C 180—200 10000
C=C—C=C 217 21000
C=C—C=C—C=C 258 35000

The same effect occurs when groups containing n electrons are conjugated with
a Telectron group, e. g.
Acetone 0 0

|
CH3—-C-CH3

I
CH3-C-CH = CHy

A pax (nm) 290

A pax (nm) 325

T WO ERR, B KRR AN T S . FRER AN (blue shift effect).
Aromatic systems, which contain melectrons, absorb strongly in the ultraviolet:C.
Wio -
— BB R - F A 200-800nm Rl N IO, S AR AL & 5, RATREfEE
AT R B A W )[R R R I T 1) RS 3 AR ), SR 1 SR el R 1 TR A B (4]

Auxochromes: An auxochrome is a group which does not absorb significantly in
the region 200-800nm, but which affect the spectrum of the chromophore to which it
is attached. Examples of auxochromes are :

—CHg —-0H —NHg

Auxochromes can have the following effects:
shifted to longer wavelength, “red shift” —Bathochromic effect
shifted to shorter wavelength, “blue shift” -Hypsochromic effect
increased, (increased intensity)— Bathochromic effect
decreased, (decreased intensity)-Hypsochromic effect

-NO2

A max
A max
€ max
€ max

. BEOPHFEAE—Beer — Lambert &4t



When a bean of radiation strikes any object it can be absorbed, transmitted,
scattered, reflected or it can excite fluorescence.
1. Correlation of T and C
# T=0.5=50% 100 Photons— —50 photons

100—>cell1—>50—>ce11—>25—>ce11—>12. 5—cell—6. 25 photons

1 2 3 4
1 2 3 4 cell number
BI T &5 C X HOC R
2. The Beer-Lambert Law 1 I=1Ip e kCL, — = k(L =
10~0. 4343kCL. =10—KCL 10 1/ 19=T, ..
— logT=KCL A=— logT= KCL

AWK (absorbance)

L-The length of the radiation path through the sample.

K-The extinction coefficient - a constant dependent only on the nature of the
molecule and wavelength of the radiation.

C-The concentration of absorbing molecules in the path.

The Beer-Lambert Law tell us that the concentration of a substance in solution
is directly proportional to the “absorbance” , A, of the solution.

K - absorbed coefficient ( WX E %) or extinction coefficient (JHIEFERZED
M C ONPERIRIER, KH e 308, ¢ BREERKBIRCREL.

e BLALR s TR, K

M C hme/ml B, HKFER, KBAH nl/mg. cm. K
(9 H B AT Kl%jem B El%jep
Hi: Rn 1%FE SRS 4 — BOK AR AR K {H. T H A RER

T LT % RN,
A=—10gT=10g100/T=2-10gT
5 4 T=50%,
il A=2-10gb0=2-1.699=0. 301
I A S THRXRRRE:
T 100% 50% 25% 10% 1.0% 0.1% 0.01% 0.001% 0%

A 0 0.301 0.602 1.00 2.0 3.0 4.0 5.0 o< iR
Hl: TN 0% % 100% N F4E ] .

A (BT AR R 11 $f .

3. WL rPAE X R 22 5B R FRIEE R R A BEAR VT HUE (300, TS HR o] $fi
RANEIE? X AR ZE KN E -logT=KCL ....... © il
ek AL ARG, RS

—0.4343. dT/T=KLdC. . ...... @)
@/Off: dc/C=0.4343 dT/T logT
Hi:  AC/C=0.4343 AT/T logT BT MERZEAT A/ 0.005, N
WWEFAXHRZE S TR A R AR W R
T A (AC/C) X100
0.95 0. 022 +10.2 0. 80 0. 097



+2.80

0. 70 0. 155 +2.00 W R PR AR RN -

0. 60 0. 222 +1.63 & T=70% - 15%

0. 40 0. 399 +1.36 & A=0. 150-0. 700

0. 368 0.434 +1.36 B AR 222D F 2. 00%

0.20 0. 699 +1.55 #d 0.30 0. 523
+1.38 {8

0.15 0. 824 +1.76

0.10 1. 000 +2.17

0.01 2. 000 +10. 85

0. 001 3.000 +72.33

4. Beer—Lambert ERARSWTHHRITRILR
Atotal =Ap *Ag *A3 ++ + = +Ap = e CjL+e gCglt € gCglt = = « + e nChl Bl:

20r042~ + 2HY = Cr9072~ + H90

B4l PATH BN 4. 2X 1014,
NGV VN ES E

A (nm) e 1(Cr0g2= ) e 9 (Cro0727 )
345 1.84%103 10. 7X 102
370 4.81X103 7.24X102
400 1. 88X 103 1. 89X 102

K 4.00X 1074 M KoCroO7 WA PH 5. 60 ZEraiiry, I —JH K L (i de 345, 370,
400nm 35 KA B PRI R 2
fi#: 0 K=[Cr9072~ 1 / [Cr042 12X [HY]2 = 4.2Xx 1014 @ 0 PH5.60 ik
nrsR L [H ]
% [Cro072= 1 =X, [Cr0427]= 4.00X1074 M —X
RA@REIATR L [Cro0727 1+ [Croa2 1 MIIKJE
X% Atotal =Ap tAg= ¢ 1C1L+ e 9CoL
AFEBCTE e 1y C1v Ly g2 « Cov BB, #TSRILSBACT RO A
5+ 15 Beer—Lambert ERHINE
T H 4 €0, 01M I, ekt

i 2 J5 [N«

A ERASGWMELEK=f (0  n=f () SK=1(0 , #EKALHE.

B, E AL AR B LA 2 RS B0 HARW  C H{UdRtkER
51 AR ES B 28O AERIBOE) 5 1 O 25 etk «

EHR: T=1/Tg , EXEREETIHE: T=+17 / o+ 1D
WA RAMNT WA
(UV-Vis spectrophotometer)
—. ENETFR4L R (Spectrophotometer component parts)

Any spectrophotometer will consist of the component parts illustrated in
following Fig. * AN o - (@) - o - |
source monochromator sample detector display transmodulator
(—). Yt (sources)

1. FRAESEURAHSPE (The characteristics of ideal source )

A. E9R ( High intensity)
B. 5E ¢ KJE M ( Wide spectral range)



C. FREM%NL ( Stable output)

D. K% ( Long life ) E ##81% ( Low cost)
F.AEEMRS ( Optimum size) 2. ¥ HEUE (Commonly used sources)

v Bk vl

Tungsten Tungsten—halogen Deuterium

lamp lamp lamp
fFHYER (nm)  330-2500 200-900 190-370
EptlREE IS%AETILX = [

H v gl ¥ fiir IS K

y A
(). (038 ( Monochromators )
1. FSR4%PE ( Desirable characteristics of monochromatoes)
A. E%%fE( High efficiency or throughput )
B. B KJEHE (Wide wavelength range)
B. &AW K (Easily selected wavelength)
D. AP KRS S A EE B (Good wavelength accuracy and reproducibility)
E. EEiE4lifE ( High spectral purity)
F. i rbM AR 4 ( Good mechanical stability)
2. B HE ( filter monochromator)
2H Ak : NEE)S N PO OPRAE IR A AR

(entrance slit) (filter) (exit slit)

‘E’Eﬁ%:
W e F TN H
absorbed filter Interference filter
Feig 7 %% (nm) 20-30 10-15
#E O RB(T%) 5-20% 40-60%

3. BEMNEME{2S (Prisms and Gratings Monochromator)
ik g AT 1nm 2R A
$eg% (slit: entrance slit, exit slit)
B eHE (dispersive element) WeH st B8 (focus
mirror) . REME (mirror).
BB AEAR (5 28 LU -
A JEHIEA S HE S, BREEN ARSI HE GG o JuAl T R ik ] A ) LT 1E E I 6 TS I
g KIE R, MBTEA BE i sE I, KR N Bk e ag s, Ja kI ERBR AR T — 28, Ol

200 400 600 800 1000 1200nm
BB

200 300 400 600 800 1000 1200 n m

B. AT AU, BB IR U (T n SIRE AR .

C. JEMIME A B A6 1) A OB IR . D. MG B A “RMRIEL
(order-sorting filters)” PAVHERA /2, A /3, .. G KT E. JetibtaE =Y ke
Ko

(=) ¥ ( Sample cell )
MRSy . BEEEH 340-1000nm
£t 200-340nm
LHE AT 185-220nm

@Sy WM 0.5, 1.0, 1.5, 2.0 )X
MO W 0.5ZTUUF Vit
o S5-I R RESIRAE AT AT BT LR
5 PEE . 365nm I,  FEAMZ[E ATO0. 5%, B AA<0. 002 EERIR

10



240nm I,  BEAMZ AT, 5%, HIAA0. 007
(PU) K2 ( Detectors )
EH: MESHRNEES,
Ao JURRBAS I 251 RE I b AR

it b N I
(photocells) (phototubes) (photomultipliers)
Pk (om)  400-750 190-650 (580 180-900
(Wavelength) 600—-1000 (£I.8%)
U . 328 18 210" B 10° B
(Speed of response)
R ik 10" —10° 10° -10°

(Sensitivity)
B. &5t FI{EH
a. HZHE (Vacuum Phototube)
IEBOE R AR e AR S A R 4 JE B A4
STROG R AR 6 A A B & SR AR A A A B
b. JaHifEE (Photomultipliers)
EH: BRTRE SRR NG S EH AN, B TBORAEH .
it «
LRI 45K (Spectrophotometer configurations)
1. BRSO (Single beam instruments ) AT : 45K a5, Z4edE, RBUT .
Tk R JEURANERE RS 45 R AR PR A E I
2. AEH ST (Double Beam spectrophotometer)
Tt MBI E R, RBJER A R4 &

W= EHERE RS T
Quantitative and Qualitative Analysis
—AXES AT RERE 1 WP KRR
A RSEIERR R KB K
B. f K K32 BIFLAA 8 TR, EREOCGRIE K.
B, H KUK AR eI R AR B, et KAl LA TR &2 I, S PRI K.
2. B a3 R R P
1P T=15%—70%u% A=0. 150-0. 800 2 [a],
3. PREETEIERERE EPEHT: EPRR/NOAE, LUS R R IRBIAER
BRIE RS 4 450
SERNT: Ao E GO T, ] R pksk.
4. FEmbIE R AR s B (. RO (B L) Gk
. EMSH (Qualitative Analysis)
Lo ARERFEA AR s IR (B AR NFNEA s ) Wi 2 B, A7 1 S AR AL B

2. AL E D5 145K 3
3. A SRR A%
2 M A R
4. A ER R A
= #H M (Quantitative Analysis)
FRufE ek  FRE O HOPRUEVS IR T O D s i 2 a0 s BT A5 1 A 55 C {E A5 2010
5
TAERMER:  PRUEARRIERE AL BTN E S 2 A 5 C £k, 1. %5
Tt SEEE EHT A0, 15-0. 8 Z 18] )41 43 B s, b I SC A8 T 365 s PO AL X 43 22 < 2%

11



2. BRI ZEN IR
MEL R DT 5% (A>0.8),  AXERFTERARRHR 2%, N T AR E, W
LR ZE 50 68 A=¢ (Cx - Cs)L
W Cy=Cx - Cs N Cx=Cy + Cs
PR M EANIRZE AC/Cy=2%
N Cy Kol Cx 1) 10%,  ISERRiRZE R 2%X10%=0. 1%
3. ARIRBER 224y W vk
KBS 220 Yo R

12



LRl Ui A 2P A

(Atomic absorption spectrographic analysis)

ST RO RS o B AR
o RS R RERAN R ORI
2 ARE AR
FERMCER s B NIRRT R AR S FT OB S £
FEIR A W NBORSIR PRSI B A5 TS 26 .
Hefesl s FCIRMSCE AL R R ) R
FEIRMOBC: TSR X AR AR
IIHTER s FLREA BB I T A A BTk
REGEIE AERE: 1. R REATIRE? 2. FrRolc M R %, i iE?
3. BETS A L) Bk BE A R B 2 el ?

=L BRTPRAFATRS? - BHRE T, JR A BHCPE R, SR T8 No SRR
THNI AR B3R 200 A Ni a
_ o “E/KT
No do
E MR AL, T HAIHRE. K522 2 %8, 1.38X 10-16 J-A% /i,
a/ay AR SRS G AE .
ANTRIRE R A N3 /NG PO
JeE IR (nm) gi/g. BKEE (ev) Ni/No
2000K 2500K 2A000K
Cs 852.11 2 1.455 4.31X10" 2.33X10° 7.19 X
K 766.49 2 1.617 1.68X10-4 1.10Xx10° 3.84%10°
Na 589. 00 2 2.104 0.99X 107 1.44x10" 5.83 X
Ba 553. 56 3 2. 289 6.83% 10" 3.19%10° 5.19 X
Ca  422.67 3 2.932 1.22X10°7 3.67X10° 3.55%X10°
Fe 371. 99 - 3. 382 2.29% 10" 1.04X107 1. 31X
Ag 328. 07 2 3. 778 6.03X 107" 4.84%10° 8.99X 10"
Cu 324. 75 2 3. 817 4.82X10" 4.04%10° 6.65X10 "
Mg  285.21 3 4,346 3.35%x10" 5.20%X10° 1.50%X 10"
7n 213. 86 3 5. 795 7.45X10°" 6.22X10"  5.50X107"°

MEFTE L, AR IR AT R (T=3000° K), ELAEERJR AR, P&

BRI RE.
Y. i G BT B8 i 2 A B K JR 1 R Al

I JECF MBSO ) 5 J3R 0 08 1S

JR B R N 107°A (O AR SE A 10°A)

2. RN JR IR R N . AR R

A, ARRTERE 1074 A
JRFRARBINPEN, BRSR FHEmA—FEmr 4.

13



B, 2 #AR T (VR 5E) 1072 A
JRF-TERN RIS By A C. JE 71 (57 K) A2 58 1072 A
JER Tl JE [ R PR G o A S R R S RE R AT AR Ak, R T R A 2 7
a. TR 25y A8 B (FEPRAR TE)
B[] P Sl 5 L
b. PR
EENEEYEER ] R D. HWA %
i Y 9050 D PR 8 RS AR P DR - 28 SRR ) P SR - S T 3 B ) 1 AR S 5

5

FH i HL 35 IR 3 5 | LA
F. JRF ISR AW R RS SR IR 2 TR G R
AR v B 2R B, £E 45 5 O AR S R A O RR 2 ROBCAEL K

ne2 [kv dv= ——fNo
mC ko FEERFXHERL o 1 RS B8R
b4
m: WL e: HIFHRT;  C: Ot
f: PWramE, No: HEEBETE iR (ne2 / me)
f =K IR A= [kn dv =K No
B : PR RRCE RS R TR R 1 S R

{HAE, JR AR An 2 A7 0.001-0. 005nm,  BEFRAFIXALAL K K56 200 56 H DL & (9 FR
o-E,  HETH SRS AT R et e g8 H AT 0. Inm) .
2. JRIBER AW
1955 4E Walsh $ 1, H R WRBORAR B AR 20 MR R RS, AR ole T3 i)
B AR WBGE NI FR A= [ kndn 25038 A4 H] 6 AAIRORGZ 00 /= 2 CHP K 41D
EONE TR IR AR A SR, WA SR A — AN B OB IR KR AT 0. 001nm R YEIR, OBIRFRBILE
BT AASH B

AT
T~ RS~ AR~ RS~ ek B~ BoR . ARXARSR
— G

TEH s SRR RO B AR B AR BLRI IR LR

L SHARAT G A AN AL

HLEE:  N300-4004R LU HUR I, BB A I A b AR I, & e BA, 3@
FR L P AR T e 2, 1 B AR b A R R R R r) S A2, 3o 90 A0 2 4 2
Rty AR ST BN A, W LRI SR TS SR B SSORE 1 LA $ T 4 k
K, AT A L TG 3R AR AT 2k
= Ry N BT R ESER T

L KIGIR 788 2. ToKIG IR 11 85

AT
BN AR EEEORIRRR I
YRR

FRIE LRI IR P K5 W KRR B S 2 251
—fRERA N <20. 5nm
FETR A 2R NG AR AL PPN 2% T £k A3 B 11 20 FFIR RE T
R HH AR R, K 24232nm, T4 100% 0, 231. 6523 2nmpH 1§ ) 3% 45 AL I T<<25%, 233nm
REIT<<10%.
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=, et IUEERIS S ALK AE RO RIELER BT RE DT 0. 1%,
EEERRE . ftERE. R RSEREEE K.
Vg, REE

X AN TTER A RO (B A=0. 0044) FRXT R K Ay PPM/1%,
B ug/m1/1%

N W S=0.0044C / A
fi: 0.25ug/ml [FIEEMNIFF T=48%, K REEJE .
f#: A=logl/T
=10g100/48

=2-1. 6812=0. 3188
~.S=0. 0044C/A
=0. 0044 X 0. 25/0. 3188
=0. 0034ug/ml
RBUEHIE:
1. KA AR
AR TR, AT RS, WA S B A RERES
2. A VI S5 3E B A R R & Bl 1. HEFEREWRTSREEN
0. 02mg/L, # H AAS W 5E, )Wl 5 Hy i BUE 15 fr LR A8 sl Re . AXER 1) S=0. 08ug/m1/1%
iR ARG A=0. 15-0.8 X *.°S=0. 0044C/A
SIRIEE I BRI
0. 08ug/mlX (0. 15/0.0044~0.8/0.0044) =2. 7~14. 5ug/ml Z|f],
PR 0. 02mg/ml, HOFHELIRYE, 5500
(2. 7-14.5) /0. 02=135~725 £%
Bl2: H—REEWEREEE52)0. 2%, MR Z RFE w2 25 ZFHARR AT I B4
£1E? Sca=0. 11ug/ml/1%
fift: B A IE RN -
0. 11X0.15/0.0044~0. 11X0. 8/0. 0044 =3.75~20ug/ml,
N Ca%=100VC/G
~.G=100VC/Ca%=100X 25X (3. 75~20) /0.2 = 0.046 ~ 0.25g
BIFREL 0. 1~ 0. 2g WkFEAIE .

Fi Kl
M PP A 5 I TR A R TG R OV
AL ug/ml KM AR: D =C 20/A

A—h 2 B RE RO P AR~ 31
o — WEF,  HAEVEREEAT 10 YL BB REWE, v SR O 25 AR ML
2 (A;-A)2

n—1
2 2 0 I EYSE 95. 5%. 3o IE(EE 99. 7%,
Aot PR e TS B AR e 1

B TIAILHER
TR EERIAE AT :
A EWBE TN, Wil TR R TR
B. FHAAFNTCR AR AR, b . s T E k.
TN J\Iﬁljé:z:l:*jﬂ
HUPER TR, 71— uRKDEIELARERIE, 52 5B, FHE . HERINE
T s HTEk
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SR BT RBORGE K. L EERTHRAN
A SEAETRRA R NS G, ZA Y, #2K55) Mg sy Il
B. K AG AR C. JLHUM
D AR IR ERIE . TEHLIR T O 2. TR TR BRIME
A LR BRIE o1 BT R B R T2 B TT R R E
B. JTUAT SRR AN R %
C. A & 2 AN BR S 5

T EETH: ARNTCR S AP AL JOE RS SOV 5 R R R R R H
BRIpik:
A IINRETEGH

IS TR AR e A4 R &9, el o= NS T4 &
LSRR L k.
Bl : 57 POA™3 W INA La St &5, MR EMERMAE R LA EY, WIAT
#hCa, Mg MIMIE. 2Cat2 + 2P04~3 + 2H =CagP207 + H90
Cat2 + P04=3 + Lat =LaP0q + Cat2
B.  MALREHF: AR ORI S e T R T AR S5, B 1k TR
H. f:  2Cat2 + 2P0473 + 2Ht =CagP207 + H20
Jn\ EDTA J&,
Cat2 + EDTA + PO4~3 = EDTACa + P04~3
EDTA-Ca {£ /il & Z) T B R L2 Cas
C. IMAS GRS T ERR &4 .
D. IS5
EFREFNRFE P Y M &Y,  ETHREEIRA, & TR,
VY. WES TSRt — 0 s, RS R Ao .
BRI
A I R
IIAN—FheT et A RS BB i, e .
B KW B, WA W B Lo
Li = Lit + e K+ e=K

By B2 KSR RIRGEIR 25 0] s Bl e I, SR BRI, P R e s - Uk

:\%ﬁ$ﬁ
BT3RS | R B R A, W, ORGP, R IR AR, S R AR R R e
ARV T
BRI
A fEFRE S IR A B MR -
B.  SRHFREMANE.
C. FRuimANERAPEH.

SN Rk
oy AR L SO BRI iR
TRUEASE AR 2 B KDL AT 1, PRIk L.
2. IrbreR (B AL %

3. KIBZRTURN KA L R JR A R it 7K
K4k fift & MX - MX —MX Mo +X0 WAL [l
< < M Mo Mt + e Wk
& ®HE =T +OHs N\ +0
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MOH* < MOH MO — MO MRS A5 A i
&
4. MREETEEIER
5. SR BRI Rk PR
TR A U B 53
6.  ZEALREIFNY
Y TWIE7 S
1. bruEfhgRikok T 1F dh ki
FrifE dh £ :
A EED HORAEE I BN, M A S C ERIT R MR FRbRE fhk .
B B AFIRE SR B AL, S RIA0 A (EANBRUE R A AR T RARIE, AT
MR
TAErhEREE:
Ay FRUERSIEFE A ER)S, BHTIER RN A S C RIS R dhZRAR TR thk.
B. HEFFMIAE S B, SR A N TAE 2R AR e R AR, THEARN
TR E,
2. FREINAE
a. ORI LSS B AFIRREE A, A 0 FRAAHE LU N NS [R] 94 B2 b HE
VIR 43 9 CX, Cx+Co, Cx+2Co, Cx+4Co.
b. AEAAFEISAT T W SRR, LLAFI C YRR, #hak & [a) 2B 5 ik B Al 28 A5 O,
R4 A A I TG 2R R
R 1L T RIS b g R St
2+ THBRYE TP S IRIE TR L= T4
3v AEEWRR BT, RIS IREAT Stk 2= T,

17



9B AN G
Infrared absorption spectrographic analysis

A FEARJAH . DA R AN & L. MR AN

A IELOHMNX 0.78 - 2.5 um (780 nm - 2500 nm)

C-H, N-H, O-H (3N HEL T 7= A iz A e ol BE = A A9 L 1 RE R R BRIE R
ALY X . TEHTEAR BBV Ko 1B, 4e. Ferde. RRESHE e
=T

B. FFZIANX 2.5 - 25 um

2K I WAL S IR 2 TEH AL S D A 22 5 (R B JE D L A B IX, & 4T 4
IR E A X, X o AKX

HHEFIX: 2.5 - 7.5 um

15 Ry P RS e R R N 1 S e - i = 2 55 A R N 9P S B2 A R S |
o SERIFEA L

RLX: 7.5 - 25 um

BRAGY 125K AR, B P S Z X ISR A B TR, SRS —FE,

29 T NHIFREL, SMFRIREUX o S0 731 5 R AR5 B 5 R 4K C.IBLTANX 25 -
1000 um

LUREENRERIIIRIT . 1B M0 TR I> T AlF L B RE R A BRAT S s 3R L RS I 1 O 4
BN

2. AR Ak KRR BRI (um),  GAAARR N A R T,
GAEWHATRVE . BEALRR AL (em™L), AR A B T,

B PRI -
B U EN:3 JH V& R VS 52 P )
ik -
Vg S M W i
(very strong) (strong) (medium) (weak) (very weak)
= RS LM K
L. 4idRs)
——— Ui AN Ty A s, AR R AR PR B i IR AT i)
=
XFRAm GRS (H Vg £R) ;
SRR G55l ORFRAKTFRAM 43R 30, H Vo Fam)
2. BRI CREAHRD))
——————— A R IRS) . NS R . BIXIRS) (8 ) RSP #R 4%
Pz (v) .
AN {430 H AT Rs) (v ) FARFIHRRIE RS (©)
5. NV HE (C-H) B9 LR RS 7T 20
H H H H H H H H
N/ N N/ N/
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C C C C
ARG (Ve)  AXIHRA4E (Vag)  BF(6) SPTHFER (v)

iR T 75 33
+ + —  4+H H H H
N/ N/

C C
(1) AP REAR (o)

T4 i)

—. ¥R3h A B RS GEAYRSh) ——F A (V=0 — V=1)
fai IR Bh % H —FEMi% H
— KT 3n6 A NHEHHBEE
&N 3n-5ANHMBE Fl:  Cop =R TEMS T, HEIIAEBEAN 3X3-5-4
tot tot
~0-C-0— ~0-C<0 0-C-0 0-C-0
|
Vg 1388cm~1 Vas 2368cm™l 8 668cm™l & 668cm™L {HSZER E CO9
R 4 508H, DT IERSHIEE . FNAT 3X12-6=30 MaEjEiksh, 2 RATP 4.
VY. WRCLT AN AR PR e 0 1. R Rl B P B AR R B A K IR RS T R, A RE
WAL LT AR, A2 2T ANt A L B BGE  o SXFh 7 ARZEAME T 1, 7 FRLE AN ARTE M o
2. RER/EAV=%1, £2.... WKIEA SRR . Bl: COp —JR &M 1,
WA ABER 3X3-5=4 {HVs 1388cm 1 HARVEMEM, & 668cm  LAiZAHN, KRR,
il R 4%
T —EiRiE
1. £
V=0—>V=2, 3, 4....RKIE/=/Emsay, FREE 6500, B ofEh, -5
2. A
B AN RE AR IR A, WOBCRT I B S Fak ZE Bl dn3Esi Vi, Vo 1
HAEMAE V£V BT, GRERYS. 3. 1BE AN AR [ sl A T A R B A
—EN, RAMAEH, 853 R4 24— M m A — MR A AU 4. FOKIEPRAT Ak
B LS A FEAT AT I, A5 A0 20 A5 AP 6 PS8 A T, T 006 o F8E AR, AR B K 3L 9%

B ETE

— AW FALAMRBOETE 50 1 4R Z 8] ) R AR

OH NH €=0 €0
C-H Hili C=N C-Hff, O-H#5ih
CH C=C #ike cC_
i
g
CH e C=C & N-H
&
CN C=C N-H 75
C-H C-H
PFHRIATS P




Jit
=

— RS HIX YUK
4000 3000 2500 2000 1500 1000 700 670cm™1
X-H igidRan i AR
AR EAK ) R R AL

4000~2500 em~1 & X-H MZEIRENX;  2500~2000 cm’ A4 AIFR SO04IX ;
2000~1500 cmt M XUERML4EIRFNX ; 1500~670cm ' 4 &4 BsE RSN AIFR ALK ;
N = 2

L MBS RMEE AT ST 2. RAYIE RN

L. A HITEE ST BGIISE ARSI C, 1, 0, N 4570 2 Hufl, SRHR
TR B. I EL AN, C. WEAMA L
U=1+n4 + (n3 - nl)/2

nl,n3, nd 4 B ECH 1, 3, 4 98 T4 M ORI

WA UM 1,
B UN2, K UN4, D.ERERAKX, FHRBSIXIEE,

AS ——

[ ] ARL S X )Y

—.  AEN DA FE AT sample detector
display
* - O - A - O - o — |
source monochromator transmodulator

CFRE R dhit 5 R OSRAH PRI E S UV-Vis FIANED

A JEIRAK P KA (em™ L) Hi&
RETRTX) 400-5000 A
R AR 400-5000 FRAT Ab
R 22 el 200-5000 AW

Tk 10000-5000 SURAR)N

i RRLT < 400 SITEAR ]

B, Hdnith

SRR St

WARRES: a. BRI,
b. [, WTHRGE R A . AR
[l A4 HE i =
1-2mg £E&h, 150-200mg KBr WFBE FR )5 4 1-2mm 35 B 3 F .
C.Hfgs. 5 Uv-Vis #HfH.
D. AT ES: LB, W #It. Golay Cell.
= SVAL RV A X
1. I
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;i D ROEE BS i rddy Dl
MBS 11/4 AT AN FeFEZE X N 11/2, £31/2, £51/2, weeeeees ,
PR AR ZE 180 J&, ARAEMM T, =R YEERE) 11/4 HBEAE I
JeREZE X N 1 MBS, RAMKTE, SERK.

I—
[ 4
MBI LIS AT,
HFWEITR: 1(x)=B(v)Cos2m vX
Horp: I-FWoRE, B-ASBMAE, X6 2.
N AER, RN [1(x)= B(n)Cos2 m v X dx
MWL A, BRSO R K, S AU R T S AR e fE , 43
L BB KA 2T A
2. FT-IR i T AE R 38
3. ELMATERLT AMEIEA AR A

A ¥R £ 1000cm L 4bit: BsEE 3em L, et 0. 2em 1,
FT-IR 0.1-0. 005cm™ !
B. O T FT-IR WPR§HHZE 0. 0lem™ L
C. HII e FT-IR 1 B4 524> K3k
D. iy % 10000—10cm™ L
E. REJER W4T 1079 g #EM

N T OGIRE
Molecular fluorescence spectroscopy

BN SO

—. SO A
N 5ev L1 A
=0l BUOEE:  ARKRSBICT, XU E KA TR LI E SOt IR,
IR B K PO BT 21 0 i 14

KPP ARKBORBT, R BACHEAT LN E 9O, RN B
L5 58 5t 5k B B 45 2 /9 e 1 K . RO ORS) Jailh - B84 5 57 3R A5 1 6 1%
A 55 R E AT R B. Lt BEads . Jur B SRR AR AT G
HSEHOR ) il AR RS O AN ERTCAT it N DGR S DG . RS 9068

NSV DS
BN SRS

o EREHT: AW RS E .
—. EEN 1. 3R H IR R R

If= ®(o-1) ......... ©) O PRI RR=50 0 T E/ TR 1 B
I/1o=10"€¢LC . .. .. .. ®) ORADOH: Ir=d
To(1-10~ ¢ LC ) (2.3¢L0)2 (2.3¢L0)3
It=dT0{2.3e LC— + veeees ]
2! 3! 2 C RGN, e LC<0.05, 5 —IH LA oy 2k,

W 1p=2.3bTo € LC
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2. S Te HOINER

A IRE Tt @} , 1'Ct Ifd 1-2%

B. RN WOR SR K, SGERIE N RS C. PH
1) 5 W) D. WA BB 2 U R W N i A JE= N WUk 6
N HRFE e = A ROt

A RIFFEVEHE< M UKt B ISR R R

BN SO

FEAR LK
O~A-0—w—N
t * : JE
A A BRER t
O FE it
* O K 4%

oGS, R
W: B8

LRI HOGR I 2, RE2 T - MNRasiea s,
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S TPtk
o BT IO AR T X
FPRBOEEOC OB R RER RN Feeus
BRes * - © - A - O - @
- n
FERS T
Boras man RWR FSesEs BRS
O] - A - 0 - o - 1 t
= ok
r
* R S0 IR AT
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T oM &

—. AR
Jiik W KA R Sk BRITHhIE T AR
AT W, 200—800 (nm) 4y HRBOEE T RE AR
JRFC 200—800 (nm)  JRFIRIACOE M REZ) ESRTN
FLAL 800—2500 (nm) - FHRBCOEEE B —IRBIREN R
hgrhh 2.5-50um Vo PBNHEHR GIETN
WA 50-300um Vo Ul HHReN TN
SEHEE 200—800 (nm)  AF 1R M REZR BRI
JREHE 200—800 (nm)  JR-f- A W REZK RN
REZ Reh 2 RILE R
HTEEg AE 1-—20 ev R T R RDR LR BT A
CERAMT WL X)) YR A 2E R S R
(LZEH T &N E)
B —Rkah AE 1—0.05 ev C-H, N-H, O-H M¥R3hAEHERIT ™
ClRARIN S A2 32 A ik B B A A T B 2R
AT C-H, N-H, O-H F¥RzhAELL IR
TE BT A A2 Ak R R G v
TREZ A BRAT
(M T e — s P )
PBhAEHR AE 0.05—1 ev R R A G B B
(LLANIE XD Tk, ERE W/ Vis 2,
HahRe M AE 0. 05-0. 005ev RGN F RN SR &
(RELTANX) O FHFERfE R

= e AR R
1. il B A S8 AT AT At )
WEEUE . PO FEdhih. KNS FSRHCES . BoRas N KETA .
2+ WOt RN OGS aE BT O
3 Y. RO PRI B A E AR BN
43 X AW EXR G (3R 1) M, KETAERAM . Sl XAMNEN R (5
TR AW, S ET 2.

= G LR AR

X R
WOEEX A *->A-O-0-vw—-H B.* -0-A-0-uw->BRN
e C. O-A—-0—«—N Dl. @+A>0- -1
t D2. O+A-0—-un-H
A t
1 A
* t e Y A
LR O FE fhith (ORY ivalllF:r3
(Souse) (Monochromator) (Sample cell) (Detector)
o5 T, WEEAR W B O: JR4bas
(Transmodulator) (Display) (Atomiser)
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“UBRAT” HRRA (2D
(Instrumental analysis)

e AR R A TR R R
B GG

R VIR N AN T N T N
(History and definition and classification of chromatography)
T BT & M B AR KR BN 40 8 — S BT EeR I — 2R E PR 2EFL .
—. Mg B KEY (History of chromatographic separation)

Although forerunner can be found in the nineteenth century, it is generally
considered that a paper published in 1906 by Michael Tswett, a lecturer in botany at
the University of Warsaw, provided the first description in nearly modern terms of
a chromatographic separation. Tswentt described the resolution of the chlorophylls
and other pigments in a plant extract as follows:

If a petroleum ether solution of [crude] chlorophyll is filtered through a column
of adsorbent ( I use mainly calcium carbonate which is packed firmly into a narrow
glass tube), then the pigment are resolved from top to bottom into various colored
zones according to an adsorption sequence, where the more strongly adsorbed pigments
displace the more weakly adsorbed ones and force them further downward. This separation
becomes practically complete if, following the pigment solution, a stream of pure
solvent is passed through the column. Like a spectrum of light rays, the different
components of the pigment mixture are systematically resolved on the calcium carbonate
column and can be identified and also determined quantitatively. Such a preparation
I term a chromatogram, and the corresponding method the chromatographic method.

M B il A R _\& FymiE ( wBHAE )
(Moving phase)

252 a %4 (Column)
MH%4¢Z b

1 Lo\ BB (D
BHE bR R Stationery phase)

ik ]

(Chromatogram)

Vet REAR A BEME ( Elution )
TR K. ik ( Chromatography)

1. Tswett f7732 et B T8 4120 £ [ 5 A8 0 B R 77 AR SIS AN R T HEAT 20 B0, BRI
Mt ik (Adsorpting Chromatography) o

2. 1941 4F Martin F1 Synge & IER AR A WA B LURE BAE A e AHAOAE R, & 51
WEAR, 158 T R IR CERE IR /K AT HLEA 47 P AR R IS R AN R T IR B 40 &8, SRR A
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SrEe i (Partition Chromatography) o

3. 1944 4 Martin fl Synge HIEARARREER, A talAE, [ @ AH S8R F K0 1)
YR, WA ANER, R & TR LR, AL T 4Rk ik (Paper
Chromatography).

4, 1952 4F Martin %56 NEE L LSRR R 84 B0 S AH 4152 (Gas Chromatography) .

5. 50 AFEAR W BT K [ s AH W AR A IR RS M B E A 3% ¥k (Thin-Layer
Chromatography) o
= I TR E X

Keulemans’ definition serves as well as any:

chromatography is a physical method of separation, in which the components to be
separated are distributed between two phases, one of these phase constituting a
stationary bed of large surface area, the other being a fluid that percolates through
or along the stationary bed.

e — P ER A2 153 B 0 AT J7 0 o B R R R it R 25 P 4.0 A [ e A S s A R 52
BIIVEH AN, TR A2 BAE b IS PP A 2 BEAT 20 28, AR5 AR 4540 20 &5 1 1 — P
B M
=. i (Classification of chromatography)

1. 4[] AH K i s AH AR & 40 28 AR, WA, SEARE

WAHEIE: B AR, WA 2. & EHEBIRD K Hfak, 4eeag.
= OB R B . A SENLEE

(1) WPt FH [F] AR B 70V ] o AR O (il o e ) FH 20 20 2E W B 70 _E W B 0 IR AR T
AT 7 WS e ~P- 47  5AS [ 7 41 2 4 1 P 0 o

(2) et  HBARVER 245, R0 EAE T E R AN, PR 20 Bd R B [T
AT S aE.

(3) B -rACH . B AT He R B M HEAT 4 B A (i

(4) HEBE I FIH 21 RKANARFETTEEAT 2 B i (5) Hitatk: F)H oA e
i EH N 3 A [RIREAT 0 B R i

VNI INTIEC SV E ST

(1) Bt ( Gas chromatography )
HAEHSMHMIE (Packed column gas chromatography)
BMESMHMONE (Capillary column gas chromatography)
RS AEE (Pyrolysis gas chromatography )
TS AR ( Headspace gas chromatography)
SMEEHEIAR (Gas chromatography-Mass spectrometry)
(2) WiAH{OEIX ( Liquid chromatography )
EoE At ( High performance liquid chromatography)
HIGF R AR ( Supercritical fluid chromatography)
EEYE dyk (High performance capillary electrophoresis)
BB LA (Capillary electrochromatography)
WA RSB FHEE AR (Liquid chromatography— Mass spectrometry
(3) FHE i (Planar chromatography)
)21 ( Thin layer chromatography)
MRk (Thin layer electrophoresis )
A3t ( Paper chromatography)

B AT A T S . B . RS . RIS . BORMORIS,
KR AR AR . AL AT, S0 i R Le ISR (5 85 B TRy
BTESHAFAA.

L GEEIEESH L GHREE O VR Y R WE O H &5
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Fugss (H W 1/2 8k Y 1/2 B8, MTH 2AX 1/2 #R)
w2z (H o RIR) o ARAEM 25 7RFR BT s 98, BT 0. 607 Abu ) 36 7% o
506 58 RN B8 ) S R N NEIR

Y=4o0 Y1/2=2 o2 Ln2 =2.3550
2. I JE) R Y 11 SERHTE] tOR ABERE Z 54 20 43 L IR PS8 AR A A5 st P e
fRETIE) t R AEEREZ L1 40 BIR L AR K S i F )
RIEfRE T tg tR=tr - tOR RIEREAR VR VR =tR -+ Fc
3. AR sEpEAL VRO VRO =t0g « P, FC —REhAR (i iR

B VR VR=tR - FC
L OaE B L EE S L MXHREEME (a)  TIRR SR ek PR
a=1t R/t R

2. S (K) FAREE (B)

SECELIRFR AT AL 2, A, AER IR . 2fe P, 21 e AR
TR ERN. kA 3-7 218,

3. BB (D

Yoy AERE I AR B AE R R B FLPAT IS N K, Pl E, 45l
IR LR R, Hdsm. N=16 (tp/Y)2

4. g (R

OY B TEIRNRRIS HER o L FRAHARP NI 4 B FEE

L BFISER BEISEAM N=16 (tR/Y) 2 SY=4tR/NV/2 0 % Ni=Ng, ¥ Y
RARAR: 2(tge - tr1)  2(tR2 - tR1) NI/2 (¢, -ty R=—
= = Y1 Yo 4(tR2

+tR1) /N2 ¢+t #2t0,
“a=t ‘Ro/ t R1, ERSTHRRLLt Ry -
N/2 (a-1) N1/2(a - 1)t Ro R=—
______ - 2 (a+1+2t0p/t" R1)
2a (t' Ratt' R172t0R)

CsVs Cs t'RFC t'R
Wt po~t g1 X k= = A
CnVm Cm tORFC tOR
N ERAE:
2(tRg - tr1) N/2  a-1 K R= =
X X Y + Y9 4 a kK +1 3
w: LOBEELK XA P PE A B, kR 3-7 2 0A),
B K R Ak A. DR IR B AH B ] 5 AR XtT- GC, WiEh

R DEILA, MEE8. P AR L FAR,
X LC, WA P, A e R A e A AR K 5. FRREh A
d ELi o A2 B. MBI VT LA K
SRl T GC, MR TR T LC, RS

2. /B E RN N i1 L 5 HokEH], H 5 HAERE. B mRaSa xX.

BT a RR: o YL BbERIN E.

gi BT, XFF GC, HEFEM ik, S LC, HEFRmshA i tbmind. Fin b
FERETHE (GO nRBBEEMME (LO) SHAR, B Ema & masunE.
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=, i

IR R =AM FE S U @il AP, WA A

2 [MEARAZN, FEHARXT [ 2 AR IE3h. 3. e B A2 50 X s AR A E AR

AARERVE R S0 R0 4E R AT 0 (B 218) . W ARAE ) (MM Eail), B rATHRE

71 (B AT ai) S5 AR5 Mt b JRATTH R 20 BE AR BORFR IR 2 40 X6 Sah AR A ] A )

1 H 73 9 22501 -

Cs K 2 Bl &R £ K=———
Cs £ o4 E AR P IR Gy Co HLIMEFRBIAR AR L

TS AWT TR A T2 )

1. BTy CRpnl@xEsr B 41y, IPFRYIENT) 208, sEATE A TH%
PRS0 . AU L W A BE B 5 E A AR A RO 2 BE AR B K AT, T K SR 21 45k
FPE AT IR, PRI A ZRIF AR — 4 B R o A A ) 24, "8 A R e i PR At (T A A R
fifo

2. Wi RAT — R BE AN LA, RN BRI B AT . (iU B8 78 L ) AE (00
AR IISENTE ST R, XA ESRITF O e T HEh 5 R

3y BRI AATINY, (UG TE AN EE 2 T REFR] AL, (i B AT ROIE RS, AR
T EIE A BRI = A
M. BEhcie

1. SRR A FEA B L

—>

0 1 2 3 45 AV H column  A. FENKBES
BREE HAZE, HErEmE N=L/H B, EEREE H N, 4 W) A BB P .
C. AshAH LAk 77 e A — MR,
D. R K AR EAE,
E. 143 nde 0 SE M b, Bl a4 0T 20
WAL A, B, KA=1, KB=0.25, N=5
W24 A, B AEAEH H IR I 0 AR i N R TR :
05 15 253K 358 458 MO MR L0A

.006B 0.052B  0.205B 0.410B 0.328B
L0954 0.235A4  0.3130  0.235A4 0.079A
.001B 0.015B  0.083B 0.246B 0.328B
L0564 0.165A  0.274A  0.274A  0.118A0.004B 0. 029B

6V 0.016A

TAV 0. 008A
0.119B  0.197B
8AV 0. 004A 0.032A  0.110A 0.219A 0.275A 0. 138A

1.0B
1AV 0.54 0. 5A
0.2B 0.8B
2V 0. 25A 0.5  0.254
0.04B 0.320B 0.640B
3AV 0.1258  0.3758 0.375A  0.125A
0.008B  0.096B 0.384B 0.512B
4AV  0.063A  0.250A  0.375A  0.250A 0.062A
0.0016B 0.026B 0.154B  0.410B 0.410B
5AV  0.0324 0.156A  0.313A  0.3130 0.157A  0.032A
0
0
0
0
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0.001B  0.010B  0.047B  0.095B
9AV  0.0024 0.018A 0.071A 0.164A 0.24880 0.121A
0.003B 0.017B  0.038B
10AV  0.001A  0.010A  0.0454  0.118A 0.206A 0.103A
0.006B  0.014B

11AV 0.005A4 0.0280  0.082A 0.1628 0.081A
0.001B  0.005B
12AV 0.002A 0.016A  0.055A 0.122A  0.081A
0. 001B
13AV 0.001A 0.009A  0.036A 0.088A 0.061A
14V 0.0058  0.02280  0.062A  0.044A ¥ %FA B

M1 A, BaralfE A, B AMERE BB AL
M R EHE AT B AR BL «

N KT 103 I, ) T IEAME L, A E R

G, 1R 0 = Cpay Xe— (V/2) X (1-V/VR)2
Coax = YNXW/ v 27 XVRRF: oy LR OV ISER AN
C-HE ANV V M AL I

Wi R
VR JSE 5 AN 4 B AR
N-HE MRS
T R L tR tR
N=——— =16 ( ) 2 =5.54 ( ) 2 H Y;
Yi/2

2. WHEROMEEX A NRIAS AT RE ST B2 A, N,
P EORL , A5 SFEMEAH LA R, HERE .
 FESHG] T CAEAERORERL R R BE AR -

O, REIRAFHRRE (I I, A RTAR . IRBERCREIALE . (O 0E ) 58 SE M R B (O R R

PaTay
&,

O

3. BEACGER A RRTE RN O ANEEMRRER] — QX AR 2 N 2k H AR
O AEEMFREAFRIRRIERAT T, A — @il H 415 N 58 H KA.

O, AEeRil N 2 H KN ERER.

O+ AREAEAME 55 I H (1 75 R A A S @ e A .
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JR A
HEBA SR FNE, MERAZIEI I EHER
T EFRIHR 1. HEREPAR
H=A+B/U+ (Cs +Cm)U
2 vy Dy f(de2, K> ) f(dps, K )
=2Mdp + + ( + ) U
U Ds Dy

A— R (Eddy diffusion)
B/U—%r 14 I (Molecular diffusion)
(Cs + Cm )U —A&JHEH F350 (Mass transfer)

Ay IR B (BEddy diffusion) RSN & B0 B4 20 o -l i RN . JE 7S
ABARFE R A, SEREALIERL WA Rsh, BRmEA R R, & ik
WS . [FIRFRZ2 4200,

B. 2 T4 #IH Molecular diffusion)

MRERBEN TSRS, BT AR R, 5071 B RS v 1 DX 3 ) TR EEAR 1) X d8is
), PEAEWEY L 1ER E RE

Hp=B/u=2 vy Dy/u B0 14 HOWREG v TSR
(F B IEREO; Dy A sy 8RS Cy 4% )5BH /7T (Mass transfer)

FH 423 6 DA R T s A% BE 7 5 [
[ E ARG R S 30:  CU=F (df2, K ) U/Dg
I 5 AR VRSP 3 )5
Do~ 240 £ [ A R T R L
WENHAL R T CqU=f (dp2, K’ )U/Dy  #l: BRI ARF AL By C HsKHL
Jivk: Ay AETSAMHERRIRIE N, W =AM
B. il Bk P, mAXSKRL =M u T H
L L Y
H= = (—)2
N 16 tR
Cv HuMTHESL=4EET R, RERIA, B, C.
Bl: K R S A AR AU N BRI R L=2 K
tR0 (sec) tg(sec) Y (sec)

47.0 361 48. 2
37.5 295 39.3
25.0 198 27.7

sk H=A+B/U+CU #1f1 A, B, C.
fift: Jesk UL N, JAsR He
i Uy U1=L/Tr0=2X 100/47. 0=4. 26¢cm/s
N1=16 (tR1/Y1) 2=16 (361/48. 2) 2=897
H1=L/N1=200/897=0. 223cm
). Hy=A+B/U1+CU]
WA, 5T R, 7R3 A, B, Co
B AL By CHlA, ZIRNAPR— TR AR, AT T SREUAH S it n LA 5 i
2. HWEALASAHETAOE RPN ERE AL 6C P RREA W
2y Dy 2k’ de2  0.01(k")2 dp2
H=2Mdp + +( + ) U
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U 3(1+k)2 Dy (1+k7)2 Dy AUSHEER
U H RN, B RECHE,
dH/dU = -B/U2 + C = 0
W Ug/=VvB/C o H B /N=AB/U+CU=A+2 v BC
FEER/NAUE N, AT LR, —FROR U £ R 2k ek 12k 5 i 26 A0 moes I AR AT
W, PREBAESE AR, 2908 BN I .
By BAAIESE U<U g, NI, B IR LZAREH, Z5K: Dy ¥, Dy o< 1/ M,
BT E 27 W1 A
MU> U g, COUBLZAMEH], 25K dm t 3EHIS TR/
C. [l EAH ML FE
A dp 4 HKRAD, HEAYL), MEKA, HBRMEC. o, HREA, 2.
—RRIEH 100 BT . ded, CHUb, #afasrAriia), HS0Rm, HEtEE/ . D HR AL
T+, Dy. Dg 4K, B/UT t, CUMIY , W44 U, 1 B/UTim/, CUTGE .
FER & E S HRSEME

Ao I 72 W 225 F = SR

C) ('C)
300-400 <3% 0-250
200-300 5-10% 150-200
ioo—‘zoo 10-15% 7(1;120
00LA N 15-95% H 60
3y MF A A AR BT (A% i N H
RN LC PRER R 2y Dy dp?
df2
H=2\d, + +(w + consef(k’) —) U
U Dp Dg fEMAREAEH, A=1-1.5,
v=1, Dg~ Dp , dg<< dp2Dy dp?
SoH = (2-3)dy 4 +w U
U Dy

Wk KR, M k=11, w=0.047,
% k=5, k=0.09,
WXk CHIEMIRAN, BLW=0. 047 fRA:
W H = (2-3)dp + 2Dy/U + 0.047dp2 U/ Dy
AV HEUMXRR
Ugih= (B/C) 1/ 2 = 6.25Dy/dp= £ (1/dp)
Hi: dpd, Ugept, CUBLY, {HEER T .
By W (D SRERRRR U g MUATT RS-
H= (2~3) dp+ 0.6 dp= (2.5~3.5) dy
BB, dp AN, HERE . H dp RRETRIAD, KA dp IEEET 4 fi5 R
71 (4P), FEHEAN 100 KSR, AR OV ECAEA CRRRIETH 9 5-7°C, BTLL, dp RNEETEIRAN, —
fBh 2-10 BiCK
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fil: 9RIEEA 3 K, H= 7.5~10.5 fiK,
MFEKSA 250mm I, )
N=L /H=250X103 / (7. 5~10. 5)=25000~30000
Bl: AEICH 250mm O, SREEARCEZ1 0 30000  C. AEAMIN MEESMEARTR AR
I CHnBERERE A SRR A AR 25 2 8] FE B 45 T O SE AR . RIS AR 5 (O ZEAABD,  415)
CEFEARRR T Al ) SR AR A T T, Y AR B AR KA, A B I K. T A A
WA, FAEMAMEN . Dy BRERUY Y B AR AR AN, PR BOORIE AN, A AR
BLREAN . AERERLEE R, SRR RE A AT RE A AR AR K, AR oA /N E 8 RE R (K R 4
U AR A R, TR, IR G R A RO T 0 BN
HARBUNE, 415050 A W REAN A BEALN AL o BRI BB N ELARRR “ B ER” . HIA
BT AR ARER:
TEBR AR de=(2. 4dpl) 1/2
il %I 250mm, KLEA 100m OTCRR EAREE, WARN:
de=(2.4X 10X 107 3% 250) 1/2=2. 5mm
gr LA, WOAREIGERE R E I AR:
H= (2-3)dy + 2Dy/U + 0.047dp2 U/ Dy + Hpgpp + Hagme
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BhE EAHSAAHEE

5 s ARG A N BN AR I ik vk

GC fTHJ‘}é'\

Iy FkE Pt BT AR A AR A A0 20 30T 40 85 o a0 = H 2R 1 = AN ST M RIS 25 5 00

2. FRLEE: WA JLTER. BAEH: 100 JJEWRE 3. mASE: w&u 10—
7% 10— g .

4. SR — L e R LB

5 NG 4 P)i S =1 15% LA L, ML RS nlfi7 48 J5 Re S 4k 4 535 RE I & .

S A EREX

L U R

Tt

i_
L

SAREIE RSB REAEE 1 BRSO 2WURR 318k
O Y N Sy - B 1= 7 A i
8 SA4kE 9 (MilfEVRZE 10 A 11 BERE 12 B EER 13 05X
AR R AR B RS

6 7 8 1n g9
2 3 4 58 — /—— 10
1 ' Di
l | 10
T |
- , |
8 N

1 MRS 2 WURR 3 ks 4 BRER SRR 6 R 7 Bl
8 WribE 9 faitAE 10 KW 11 AHERETCHSAEARS s RS 0B RS
KOl 245, 0K MBHEALFE RS, IR RGN U
=, ARG
A AR AR E . AR R R =34 k.
1. AU
DU BRI o BN — o 1] — {28 — A R 1) — R R = iRt &t
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AL EREUH: B HEE SR RS R R A
A AN R i -
M —HA
K —C0g, BEMEIA;
g -2 B5.
B. Vil R
T M 50kg/cm2~150kg/cm JkE] 2 ~ Skg/cm. 2. AR F7HFI 1 ] 2
AFE: TR, RN, FRu, fHRR, B AERAS
3. BRAUR DRI R
SR
SRRERTYLE . 1 TACAR T RGP, Gtk A AL RO BRI U R T AL
BRI A B AHROMXT 28, ASHE R (4 kA B S .
ERGAGE
W RAR FREHE, SRUA: N SEE 0.
=, RS

AV AL = FIEERE 2 4 o
HEFEAR: RS —EEN 2%. R —EEM0.5%
FAE:
. B RS
F 7] s AR AR 21 i o
Rk B
FERY U, gk WEiE T
aps ANFW, B Perg, HpEA g
FEK 0.5—6kK 30—500%
N 2—6mm 0. 1-0. 5mm
LR BB, )5 BB, Ch,
BHIIK, nfik, niE, HER
S

Fiv KW RS
P UM B (TCD, Thermal conductivity detector)
MG RN 28 (FID, Flame ionization detector)
SR
- BRI 25
bR R R
3R 2 (ECD, Electron capture detector )
ik ek S LA U 2
KIGICERM 2S (FPD, Flame photometric detector)
A2 RO BRI 2%
PR 5 T B AR A A S

N LSROREE A R St
P fh— (B —~ RAFTF R~ BaioR, B
|
B HR Y~ AN~ - D
!
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FTENL < Hoide i~ N — HFE A 2R
L. WA RS
BOR: EREE £0.1~%0.3C
WERE  <£0.5C
BT GCRlE
IR RRGERERY; B A TRIARGE AT 2.1 AT I A (Thermal conductivity
detector, TCD) &M : JLHA PPM L 41400
JE T R, AR AE WUt R B -
WRYE A Y R AN F R #ue 5 248 Y8R TIRA e REY RN, FRELK
A A B SRR TR TR
AU S5«
o J5 3 -
2.2 SIS AR 2% (Flame ionization detector, FID)
2.3 HTFRA M ES (Electron capture detector ECD) 4% ai:
1y X PR A A R PR, AR ARk A e R

2. REUE® (10~ Mg/ml). RIS i e
GERY 5 T ARRE
WA GCERMAmAERESN 3.1 EMEON L RME R
(tp, tR’> @)
2. HHEHT S I
3.2 R AT mj=f; * A;j (hy)
fi=mj /A;(hy)  f; MREIENT
L ek A IR

L. AhbRiZ (o h2i%)
2. ik CGEBVA— PRI R A — 1)

mj Aj Xfj
pi%= X 100%= X 100%
m (A Xf1+ ApX 9. ™ 7 "+ ApXTp) R=
Ay AAFEAEFYERE R
B (AR R AT ARBIIT &5 R A K C. 4 f [EAHT AR [R] I, W]
AR £ H. FFENESHERY . F 220 ESDN . 2 TE gL .
A pi%= X100%
Apt Ag ™ U+ Ap3. WARIE
BRI B R AbRHEY),  TRERES AT
I mj Aj £4 A; fi mg
= W pi%——F0 —100% mg
Ag f Ag fo W

3.3 Ak MRz KR ZE
ORENNTIRZE . FHBRUE R 25 olAE ST AR O 25 R 7R

R T ARVFRZE T RRARRE (%) 0%  WHIRE (%) 0%
0. 01~0.05 <100 3~10 3~50.05~0.5 <50
10~30 2~3 0.5~3 5~10 >30 <2

BT HRAEASHE AN
(Packed column gas chromatography)
AN
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L. R AR R (i A A I 4
2. THFEHE A E AH
3. AR A
4. SR ETEE TR E
5. A o B AT A ] 5 AR
6. A e
TR EHRHEPRRE
Fi EFH R AR R RIE
2y Dy 2k’ dg2 0.01(k™)2 dp2
H=2A\ dp + +( + ) U
U 3(1+)2 Dy (1+k)2 Dy A I FE AL P
T dp [ EARPORL AR
B-or P HONRE: vy - ISl (IR REO:
Dy~ 2R 73 AE B AR o HCR B D21 43 £ [P 72 AH R 9 HUR L
d ¢ 5 AH VR RSP 4 )
BN JER NP SR b
1. O %
HH BN, —SREAT,
dH/dU = -B/U2 + C = 0
U /= B/C o H g h=A+B/U+CU=A+2 BC
LERR/INAUE R 5 A0 BT RS, — R O 2 0 4 ke 128 5 /28 1) 1) e Xof S PR
W, PRSI, 200 S/ N AUE B A5 .
2. BAHER
M U<U g NI, BIGE LZAEH, Z5k:
Dy Dy =< 1/ M  EHS RS
MU> U e, CHOUR RN, ER:Dm B PR
3. [EMANEEAE dp b, (HAD, HREAEL, MEWK, HRURMEC. ok, A
FRBK, GNS. —BOEH 100 B2 . ded, CH/N, 4akEadridial, HRReE, (HitkE
N AR IERE
Tt, Dy. Dg B4k, B/UI t, CUMIY, &&44¢w U, £ B/U Tilhksb, CU TG&E .

[Fi 3 W B S AR S
Mokl (C) ¥l 5 W 2% i SHEFR (C)
300-400 <3% 200-250
200-300 5-10% 150-200
100-200 10-15% 'ijzo
100LAR 15-25% % m-60

N T ey i<
1. SIS ETEH KA (Support)
ok — AR W ) 2 FLES R SR
1 FH — 3 — AN K I B e T, L 1) o YA T PR R — 2 P 2 2 RO
Bk - PRI RRERR, FLBREGS), fheEtEtE, AR er, MUMORE .
Tk TEHLEE & EER IR ERN
—ARRESE TR (BEESIEAR, RE. R T2 FLER, Sk
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—fEE 4k W (Ey~ 6201, E4h Chromosorb P,
Chromosorb W, Celite. ;= 101, 405)

il 4k
LAk — B T AR M E R A @A B TR
SEW o FeE R A H (A T AR 2 -
JRA :a. HARR T AITLFLE K o b. 5 {4 1 LR R L 45
Ky ERESRE) o c. $EARE I 192 B A iE kO BRI NE:

A, TRYE:6N HC1 AbEEa N, YeE k.

H bR g SRS .
B. Bldk:5% KOH—FFEE[AIA, Yo &bk

B B A R M S, = AR
C. iEpifb ab 3

HE: B L aERESEH

—Si-OH —Si-0 |
N0 +(CH3)9SiCl9 — 0O  Si(CH3)9 +2HC1
| .~ —Si-OH —Si-0
| REBEAGRT): - H 3k &UREE (DMCS)
R SURESE (TMCS)
N FE S e (HMDS)
FHAR I R R
Chromosorb W % 0 w2 N
Chromosorb WAW FRUEAE SR 044k
Chromosorb WAW—DMCS FRVE I-£5 DMCS AbFE A 5+ 8 44
Chromosorb G [SRERE DR =KL
Chromosorb GAW Rve At rEde a4k

Chromosorb GAW—DMCS FRYEIT-£5 DMCS AbHE 1 [ (o fik i 1 $H 44
Chromosorb P #Ifafifde 104k
Chromosorb PAW FRURLT (o ke 44
Chromosorb PAW—DMCS FRYE 25 DMCS AbHE Y 2T (o fik 5 1 $H A&
Fiv AR WK
AARREAR, AW Ptk ARGty W, SAARREERMN.
IR
RS [ s v
T vl 1) A ] s v
VB RN R 20 VR I A CRRSIE FH 07 B e R A 3D
e BR RN 7R 20 1 ek B A CRR SIS FH 07 B e R Ao 3D
IRRIRS R AT AR R TR A Ok 440
FIEFRAT AW SRR S0 T 9] s AH CRP 50138 530 e 2 SR R AN S R T W 7 A AR ) 40 )
R Aekbett, R SEpsebE, sk, ST . ] e O SR -
a. AERR AL 32 FH AR A ] s v (B oA (il ) .
A AL R < o )RR R SBT3 R A R e A 20 S Y
b. SRR it g H o AR [ e v (2 B2 E ) D A )
A LR < g KRG PR ST L, [R)30 R A AR A /N PO 40 0 STt AL
C. BRAREAE A 328 HH SR R ] s v (AR AR ) .
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TR < AR AR RSB RE L

. U P55 0L 2 TR e

WJlICHZl, CoHg, CsHg, C4Hyp, CsHyg
B 22 R A A TR )

C16H33C00CoH5 ( FEHIR 205D,
C18H35COOC2H5(?[I]®Z;HE)

C18H33C00CoH5( VR Z A5

C1gH37C00CoH5 ( i R R 2. 15D
C18H31C00CoH5

CERRER 205D CooH39C00CoHs ( —+ERIGTR £ i) C99H43C00CoH5 (FF
RN
R B RS e
1 B H A4 | OV-101,SE-30, [, NG RACARRR M ] v
i SF96, SP2100
2 BRI B e RE | OV-17, SP2250 I, Gt AR ARt i
Eh
3 KL PEG20M Vi, 450§ RS2 1 77 [R] I A7 AR
(M>4000)
4 SR K DEGS Vi, 450§ RIS 1 77 [R] I A7 AR e
5 4O R kA | SP2340, Silarl0C Vi, 41 JHR [ e
J:]"—Lt
6 TN R B R | OV-210, SP2401 Vi, 850 74008 A [ 5 W
0T
i H BB A T [
N~ AU [ E AR T 2 Lok
% B 55 [E A MEAL A2 Y
GDX 101~105 R5 porapak-Q, Par-1, Par-2
GDX 201~203 1R59 porapak-Qs,
GDX 301 45 porapak-P, porapak-Ps,
GDX 401, 403 &t porapak-S, porapak-N,
Chromosorb 102,103,105,107
GDX 501, 502 B
40477 HLE A%
GDX 601 i porapak-R, Chromosorb 104
401~403 7 HLE M4 59
L. AR R

I {HARE R b3
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MR RLEE ™, i EAY, MERS EARAE R, FERSEREHLE
Hik, AbFE: RRUEERARVE ARSI .
2. [P 58 WUAR T
WAL, S
3. Il

4, BB E1k H B B 2 2% ROR JE S i SR o R o S 344 2 [ b 43 A
HK F,
;4148 D 5mm X 2M [ 2% OV—7 {aildE,
[l 5 VR PRI R VR -
I = REERRLY S A V= nr2XL=3. 1416 X0. 52X 200=157. 08ml .

2. HTERER M EAE EEAh 100—120 HIF chromosorb WDMCS — 200m1
TOREMERLF, FRE, HEAERE (REA 100g),
3+ FREX 100g X 2% =2g [ i OV—7 T—kepfrh, A S4B 1087 Uk
Ak 200ml &4, MR OV—17. WG RIARIIEAS,
4. WIEPR (BB 3, LMERE @B R THEA L GER: T 27l HB R,
PLA G AR 8D
5. BELLANMT FHET .
TR A
AR — 0 5 A RSO AIE, ) —un D SR e ARk, TR
SRR UK EEARE, T HRAKTFR, Bl ETE, M FPinA &R eH. 2%
sl A, A AR A U A . SUFIS, HUR, ) un BB AT 4E, IR AR K
B ARICLF AR IETE TT W .
RN RO
AR IHFETT 3 A E AR sl A, MR FF4G B B X 0 2820 THR B B /5 ZE MR
FHRFF BN G, R ESCh, AR PARE B m] i AR S R bR A e RE 2 B

AT
BHESHMGRE (Capillary column gas chromatography)

. BESARCIER R R L

1955 4E, M. J.E.Golay & T B4,

1957 4E, Golay K& T M EBMESAHOIER I, A4 91M K 12000 H B EER AL HI B
LI BR .

MR e -
R — AN — Bl — A 9
PRI ] RE A — AIR ] A — B T E A
HERR R

ANORHE— KO — SR BB — i SR
=L BMESAHA RS T
HREBMEH: (packed capillary columns)

WS tmm, RESHAREAA: 0.2~0.3, [ EH AR .
PR 7R K (micropacked columns)

WA 1mm, RiE: 30~50um , WK EHH.
BEEFFE K (wall coated open tubular columns)
ZfLEFFEHE (Porous layer open tubular columns)

ERE_FIRAT WA ol A [ e AH
ST EH: (bonded open tubular columns)
RHRMFFE A (Cross—linked open tubular columns)
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PR BE RO WA HRIESIR T, AR R IR LA ASHE, A [ e i A
FAHFFELR: (Fused silica open tubular columns)
= BYE R SR

B B HAR
£ AR KN /mm | Bo/107cm
HAH >2.2 2 ~3
WREER R 0.25 200
0.27 230
0.50 780
LILEFFEH 0.50 250 ~

Bo A HBER O O HBAM A AR
BHEHRORE LR LETE,  HERR D 24
2. HEVEREATELAL:

ISR WEERMEN  ZIEITER H7eH

K%/ m 10—100 10—50 1—5
4% / mm 0.1-0.8 0.5—0.8 2—4
WHEE / pm 0.1-5 0.5—0.8 10
FIEZRE / ng <100 50—300 10000
Iy SRS . i fic
3 IR TN BB 5 TR 0 BT A

2y Dy 2k’ dg? 0.01(k*)2 dp2
H=2\dp + +( + ) U

u 3(14k )2 Dg  (1+k')2 Dy BLEH:

2Dy (k» )3 r2 146k’ +11(Kk)2 r2

H = +( . + +—) U

U 6(1+k’)2 K2 Ds  24(1+k’)2 Dpy
BRI/ 1 O P S S & R I D N i SV

W RS
High performance Liquid Chromatography

B ik
— SMEAR G5 HPLC A9BSR T R iR
2. KM T BRI E AR
3. KT R R U A 25
4. AR
Z\ HPLC 5 GC i bk

L]
1. (OiBFATES 3 2. et BN R ke
ZESE A 1. WBEhHH 2 5+ LM AERR PP B R B LS AR P O B R B

104~10 %, 5[ & 4 5 WA VR D AR Re 2205 . BRI L, ARSI D, Tt
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2. [HEMAZEM.
3. FHTERE .
GC 15%, HPLC 85% LA L My#sds il se .«
4. AR EH R EE_EIRAT 2
. HPLC 7 K R ik $%
1. BRI
TR N o Il DR & I e B S I | B o S R NI 3 3
T AL MR < AR A ) B P
FABERE [ AR AR, AEAR R A A 1
T L MR B 1) AR AR P A
IEAR RS xR [ AR A AR AR B A A AR R R R S AR PR K 0T & & M LR B
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