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Chapter 1

An Introduction to
Modern Analytical Chemistry

Lectured by Shouguo Wu
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IR

An introduction to modern analytical chemistry

Pists BRS A

History, actuality and developments
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TR A

Contents of analytical chemistry

L trits2:  (C. R. Fresenius)

Anleitung zur Qualitativen Chemischen Analyse

Anleitung zur Quantitativen Chemischen Analyse

AN =MD Ay (i) CEMERHT)

vkl

(kD CE= i)

ar L L) - (2o pr)

(a2 H7)
(ML = fL2sh i+ 807 2
(oY =1
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A brief history of developments in analytical chemistry

—. T =X &1 three revolutions
1. 19142 5R201H 42 9]
MTFZi(Art) 2R} 7 (Science)
EMECE 2D EE(H 2 /07?) qualitative, quantitative
2. IR A KA AT e
MAL 73 Hr(Chemical analysis) £{% #% 73 #(Instrumental analysis)
S50 (AnRT 1) B )
3. 20t L0704 AR
M3 B A5 (Analytical chemistry) 2] 73 #fr B 27 (Analytical science)
sy RS FER. PLEE. R, . NS

Morphology, speciation, function, mechanism, surface, interface,
reactivity etc.
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T HRFERARER
TR KBS T =IRBE KA R
IR R IR H=IRR

— it — KR KRB E 4
YIBALE MR R GOEEA TERAE

— PR 297 1 AT

AEREAN | pr ) bde | WEHRE | 0mRi e
g | SEdEaMr | KBS R AgihaT | sompem e
M mme | BuNE 2§ e .
E ‘ﬁ g%& E(J}%'ﬁ %&Jﬁ 1§"—“ %%};%fhj 90354-%{5 l%\'f’t
;ﬁ% R B FRET EVBARTT | 200044054 4
b bR R

—ITR% | B HT B A SRR
L2 FHERZR & 2R
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Empirical analytical chemistry

_‘EA

1554 % 7. % . /”éi%ﬁ %4

2 IF .
H X 7

VS-$ XWX
0M L Z i AW,

IEE‘/D\IEHS M%Emlh#!

¥ i (characteristics) : 422 % 2.@& 32 % 5
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AL,

Famous remarks of famous persons

o IRE I FILIRE RS AEINN:
ETRERZE, DNEBHZ KN,
A% ZWE 0!

Szabadvary F/E (History of Analytical Chemistry )
—FHFR:

Analytical chemistry is mother of the modern
chemistry.

295 70t 2o BORSE 2 e AT 2 B 58—

=N
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1991 TUPACH fr 3t Bt Z =X E
JEE. NIKI##%

ﬂﬂ@mﬁ%ﬂmﬁhﬂﬂ?k%ﬁ

‘%H%ﬂ%wkmﬁmki T B
151X L A 3 g3t 20 B S B2 [m) /R B AR R
BT 2 B

TUPAC: International Union of Pure and Applied Chemistry
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*First revolution

N BRI M

BRI OELLLET
22 WL T 22 @b 32 9 A A

SHHTA
SHHTA
SHHTA
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Shzn S — 2 £ &

= | 21 fic ff leading player to costar

(R HE, At

H 7= imdata and product

(X —RE 7 AR S5 Ui scientific server
(X —ANBe 2% cannot to be a professor

171

2o — AN e BE 1 cannot to be a academician
o« T W ih M A F & @ Kolthoff!

www . kaoyancas . net




www . kaoyancas .net

Szn e =22 § &

*Second revolution

) B =2 o3 3 N -4k 5% (Physics applied to chemistry)
£. &. ¢d A

{25 77 M2 (Instrumental analysis)

W Z 32X T F N A H A
o 43 TSR0 A B
Investigations of analytical instruments and measurement

AWNREERDIEZDE, BELHwERA L,
SHwFEFHR?
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*Third revolution

ﬂ*%ﬂﬁwwé i®

From analytjcal che fcal seie
) % A;gméi i% ﬁg}: E ?’I

% Iﬁ@ %%%ﬁ FL5 T 5

W gg@pwmlmg‘lg& Chemistry:Today

o3 hr AP 1o % 53 BT %%ﬁ |
Anal%o%r siéﬁ;%;‘)ﬁgjﬂ%[ﬁ :é%reatlon of
1 ~ AH

instru and adal3fiéal |
%@ﬁ%ﬁ%ﬁﬁg °

- 5E B aniis e D HEFE A A S 05
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3 )8 S 43 M 52 2K The days analysts hold
their heads high!

dEEivE=A

e]. A%ﬁ

H {+%/Human Genome Project

dhABDBH------ DNA | %

Q. MEEV

A

;ﬁﬁ:Poisoning event by dioxin in Belgium

Sandra--—--##& T b H BB 5 ¥ % &

3. 3%

+

)97 12 Wi disease diagnosis in USA
70%# v %, 30%# %% %

4. 20024F 7% N /R4 52 Nobel winners

WWW . kaoyancasﬁ%t6 fﬁ “{‘ % % '
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2002515 VURFRT E
Nobel winners
* J. B. Fenn: S&[EHB€ K% Hr b 2% #4% Yale univ
CABRERC B IS 3(ESI, Electrospray Tonisation)
o K. Tanaka: HA & EHIE A 70 & LFEIfiShimadzu
HETIEBEAINE DS F3e 3(SLD, Soft Laser Desorption)

ZRFRAEBRNEGFNHS & E 4»<2000 Datt He
£>100000 Da(E & #), B TAFBMNEZE 2 %H L% &

» K. Wuthrich: 5t 7552 b HS e 4530 T 274 0%

SOPSIHIRBSIREIER (MN-MD NMR)

ﬂﬂﬁﬁﬂﬁﬁﬁiﬁ%k¢i%}éé% wEN.
AFORBHGNESAFARZTHGA.

www . kaoyancas . net



www . kaoyancas . net

It is a great time

to be an analytical chemist.

Extracted from:

Hirsch RF, Analytical Science at the Center of
Chemistry and Beyond its Frontier,

Award Address, Aug. 21, 2002
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5| H %£Douglas
A. Skoog?5 3
Analytical

Chemistry
2000,7th ed.

Sol ce
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Analytical
Chemistry
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Analytical chemistry
IS a science of

measurement and characterization.

Extracted from:
Laitinen HA, Anal. Chem. 1980,52:605A
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Analytical chemistry

Is a science of

instrumentation and measurements.

Extracted from:
Hieftje GM, Anal. Chem. 2000,72(9):309A
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Analytical chemistry
is a scientific discipline

that develops and applies

methods, instrumentation and strategies

to obtain information on the composition and
nature of matter in space and time.

Extracted from:

Kellner R, Mermet JM, Otto M, et al. Analytical
Chemistry, Weinheim, Wiley-Vch, 1998

HH AR, A3 A A o7, 25 o 22, e PR A B BB R H R, 2001
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Trends 1n analytical chemistry

— TR K
Development of Analytical Instruments
- AT A TU ) B LN 2
FEE R R EY L P YT
R ---- 7 4 T 9B+ % ; Polarography
JCTEA - % T £ % % ; Spectroscopy
A -7 ¢ T &% % ; Chromatography
JRIEA -7 ¢ T % % : Mass spectrometry
LHALERDS T OL L
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TR BN,
Main applications of analytical chemistry
- [) A A R SIS A2
Transfer to life science
EFdedthril: RBNRGTIFORAS

medicine & bioengineering ( @ E W B R A M E H i )
BREA. BRAWYE. Btk

food safety, disease prevention, diagnosis and treatment
Hin: 4§ K F EZadstg 4434,
T AO ARG B
Db RA LT ARF B KL
WpRN. tHEEHS
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= IR ITIENIE T ) AT
Investigation hotspots of analytical techniques

- ZE B TE 2 77 MT(comprehensive speciation)
(4. RESHFTRGMERALBARI)
TG 1. s FE— A K Fe dk g N

2. R# G —ARFeR BE L

AT 1. (v & 4 % W %47 % ;

2. Ry 4% A AR %
W Ri%: BHMBAA+EREFIE—45 SHENE
HEARNH: A (Gnvivo). B 42 (in site) .

% #¢ (real-time) < #f 42 ~~(not intrusion)
(G EH. G MK R . HEFMEL
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- ORI

Far away from chemistry
- T R ) o — D R

though...but...

(VF 2 A i I AR B VAU HEAT . VB 5 I N
AL SV 22 ROGTE AR5 5 A, A B 1) 25

BT

(|
REJII(RENET IS SUUND

EIRAIRES

S [ N

R T FA) R bl R g 1 S 9 1) 2

HIZANANIRFZ, 3. & & &
X-BEE#2%, NMRZ, XLt
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SR 7=

Products from analytical chemistry

B g “othillETE” o Bt RS A
b Rk U B8 B AR AH 45 5 1T A R RS SR ) 25 Ml B 2o A
Jiv%. Analytical techniques

R e e “otrillEAEs” o SRHETRI R, R
BT I A% N Z A2 7 i 22 R BACHR A

Analytical instruments

FH=Kr"m (EZPhD - goeHE CutslMcE, KEE
HOKWITR,  “MRBRE” .

To solve the scientific problems
www . kaoyancas.net




www . kaoyancas . net

EFEARe e >t 3 7
How to be a qualified Analyst?
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Disciplinary system of analytical chemistry

1 TN ZRFT “WFEDHT” A U K
B, VA8 “EEath” M “BEDTT” 1
B

Chemical + Instrumental or qualitative + quantitative

TR ERN ISR, Al. YMLRIE MR
)5 Ni%EA 2 B

Classic textbook?

AR K ?%UM i) 45 #4structure of textbook
St (B NEES b 7
CHD NEHSRE i
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BICRFAE SRR

S, VM, LR, HET

WIS I
B, RNE

s || B4, Bk, Sk, K

4|, KRB, FF, B

% T
e . BB, TmEEk

KT AL 3 I

st |
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ELINIC
f'

BRI IR

X—8% & £ 831

N~ i

e -5 a¢ it (XPS. AES) |

sasweasm (ST, SEM) |

%ﬂ#&ﬁ(&xﬁmax)l

ZAEM l
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EESITIIE

The process of quantitative analysis

B — A — HERET I —WE —it &

Sampling pretreatment interferences determination culculation

elimination
2] g i EEAHY
ARRE AR Zat (1%, FHE)
fTaLhs  HE e iy
ZERTF KU (&R HTIE)
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WEIH FRESr MESHh

Macro, semi-micro and micro analysis

L IR N R
ik AR E R AR
wHEH >0.1g >10 ml
LISESHT | 0.01 ~ 0.1g 1~ 10 ml
TR 5 AT 0.1 ~ 10mg | 0.01 ~1ml
BT E 5 AT <0.1 mg <0.01 ml

8ot REEH BESH
>1% L FEoH
=LY Eﬁiﬁ#ﬁ{ 0.01~ 1% WEERSH
. kaoyanea0sRd %o Jo & 53 B
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i% 9‘% ‘tﬁ ‘% N % ﬁ M@ concept of quantity

| WHEZIT |HUEZH| KEDH

B A XTI/ g 1-0. 1 0.1-0.01 <0. 01

RPN/ mL 10-1 1-0. 01 <0.01

WA -G oy L& by

ket g o > 1% 1-0. 01% <0.01

MR, R, R (106) | AgaE (10°-1012)
E I X N I ORI R
103 10 10° 1012 1015

ppm ppb  ppt

Www. kaoyancas.net
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W E TS (BEE)

Titrimetry (volumetric methods)

2HCI+Na,CO;=2NaCIl+H,CO;,
HEE buret LI E R (sp)

W %E5f titrant  Stoichiometric point
WEZ%r(ep) End point
WHEBB  ARIREE,)

end point error

www . kaoyancas . net
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i K S NN 7€ 77 2\

Titration reaction and titration manner

1. #ZE— R RN EEHIT(99.9% L L);
2. BRERT . EAF));
3. EEYHM FIEHEZL R,

Ki4
% €

Direct titration

B E: HK,Cr,0.%5ENa,S,0;(+KI)

Replacement titration 7n2t NaOH
) !

B E: AHEDTAGE &), CaCO;+HCI(IT =)
Return titration KMIIO4

B EEf E: Ca?—— CaC,046)— Hzé204

Indirect titration
www . kaoyancas . net
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FE ) R AR I R

Standard chemicals and solutions

HA IR

Standard solutions

[ KIVAWR accurate concentration

1. BEERH: K,Cr,0.. KBroO;

2. PR EVEBLHI: NaOH. HCI. EDTA. KMnO,. I

FHEY)Fi: Standard chemicals

1. AR SHF MR (H,C,0,2H,0. NaCl);

2. A fF>99.9%:;
3. 25 (Na,CO;. C

www . kaoyan

aCO;. Na,C,0,%)

cas.net
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S0 = % ARG 2R

Classification of laboratory chemicals in common use

KB 1%k 2% 3%% = AR

Grade guarantee analytical chemical biochemical

I kgl Sriral AEEal
R r&E GR AR

P 4k AN

R AR '
y e
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www . kaoyancas . net

i % 73 M TR AR AR &

Volumetric measurement

HAEE 7P EE:
AREMEAI) volumetric flask
B E (EH ) transfer pipette

B (EH ) burette (buret)
B 5 ¥ correct methods
LA HE: PIARE R 5=
2AEXHE: BRE SBEM

www . kaoyancas . net
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i 5 73T v 5%

Titrimetric calculations

AT sE R R R R E A AL

VIR BIE n (mol. mmol) amount of substance

2% /R i & M (g mol-!) molar mass

Y1 IR I E W E c(mol-L1) amount-of-substance
concentration
FREm(g. mg), AEIRI(L. mL)
R 253 Bov(%), R EREp (g'mL! . mg-mL-
1)
;*qujzij‘f§E>.;EF:izjdéxgﬁlngancéj%Eagézij‘lggi-;jZ:._i_;14‘]¢
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& RHIRATER

Expressions of analysis results
1. PLSERRAFAER KRR
Lot R
LA AU

2

3

4. U EMIE KR
5. He R
MR 75 B S R R 7 vk

www . kaoyancas . net
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B 7 & B HR R

Presentations of content of the determined component

1. [E] 44 FEsolid sample
JRE . R B

2. BRI FEliquid sample

Fis a8, WA, FERIRE D
. FEIKE

3. AR gas sample
KF 550 ppm~ ppb- ppt

www . kaoyancas . net
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PR AE I VR Y T

Preparation of standard solutions

1: #%BE/EHrE(NaOH. HC))
n=n, ciVi=el;
] FZ Y —E%Eﬂﬁu (K,Cr,0)
E 2 HC TR ER .

iy
Vi

C, =

www . kaoyancas . net



). HECH10.01000 mol-L! K,Cr,O- 13
R 250.0mL, K m=?

% m (chr207)=n °M=C° V’M
=0.01000 X 0.2500 X 294.2=0.7354(g)
BENEERBIRERN0.01 mol-LUAEA, ik R:

‘/f %‘*{K ] O 74g(:_10(y0) chr207 i{f:%}ﬂ
EMTER, Bt E N ERIRE:

C — mK2chO7
S M oV

K;Crh0; 7 KGR0y,

www . kaoyancas . net
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i %€ 73 M KO T 55 1) /it

Calculations of titrimetric analysis

— MR BRI ik
Wi WERRIRBE AR, A0 ST
ML — MR R B 2. AWM. Tenls TR Bfs
%, 120088
1. YIEBHREIRE

n
CB:_B
V

TIFRYI BRI, B A7mol L-18immol-L-!
—egiEBRI RIS, | BlfEBRISFH#IRE . Fltn: HAc
cuac—HAC]H[Ac]

www . kaoyancas . net
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mg(g)s Mgz(g-mol!). ng(mol). cg(mol -L-NFIVZ 5

www . kaoyancas . net
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m

B
1

V
‘L

A7 g L-'. mgLl. pg

PNac=10.00 g L1 B AR ?
(1) FREL10.00gNaCLIIA 1T /K
(2) FREX10.00gNaCIF/KiEf S, Wik 1Tt,
ik : 1 HNaClAHEH 1510.00gNaCl?
177K #4710.00gNaCl1?
3. VIRBHIREEE/RIKE

m a— 71 ) o
PRl AR
R A AME
mA BA7: mol-kg!'. mmol- kg L1 .
www . kaoyancas . net p mol-kg!
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m— TR o
PR AR LRSI
R A ANME
AL TR (m/m)
10g NaCl + 90g H,O

10

Wy = = 0.10 =10%
10+90

5. MEBHARA N
VB

(0 — D D conson=>0%
B 1% = H500m1C,H;OHFi B £ 1000mL

ANJE: 500mIC,H;OH+1000mLH,0O

www . kaoyancas . net




www . kaoyancas . net

TA/B

7. BREE1+X (1: X)
VAR ) Do 25 VAR K51 FHOC PR 140 7K b e T e

—. WESMGERNITE
2. ng Mg~ mg~ cgfly, HEBMYIR S E

1. #EHP

B € ascertain of conversion factor

bB + T = pP +¢gQ

www . kaoyancas . net
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W EL REA (FHRETEHRN)

nB/nT:b/t

bR AN T (R

www . kaoyancas . net
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2 WWASFERTHE

w(B)% =B %100
Mg
b
my =ngMy = 7CTVTMB

g?_C’l“l/'-l“lizw'rB

w(B)% = L x100

Mg

5 V1 AL EmL, By CA
éCTVTMB

w(B)% = £ x100
mgy <1000

www . kaoyancas . net
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3 BEBRIRERBRE
(1) FRAEVEI TR E AT SR S () R 5

m b
TT/B :7B:?CTMB

T
3 VAL ZmL, B P

-él(jledrB

7. =1 emL"
/B 1000 (g )

(2) Jot I RN I B ) 45 B

— CBMB (g° L' )

www . kaoyancas . net
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1 FRE I UEY) 5 R (H,C,0,-2H,0)0.3802¢, ¥ T 7K, FINaOH
VS E R 2% R, THFENaOHIER25.50mL . >R tENaOH A
IR

it iR e NN

H,C,0,+2NaOH=NaC,0,+2H,0

ﬁ“% [:K b/t: 1 /23 nNaOH :2nH2C202

. m : ~ 0.3802 % 1000
My como*Vaon  126.07x25.50

=0.2365 (mol-L™)

www . kaoyancas . net
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%12 I B 25.00mL0.1000mol -L-FIK,Cr,O ¥, # A250mL% &
A, ﬁlﬂﬂﬁfﬁ%%%ﬁ, SRR J5 K, Cr, O 75 R B & i Jr -
T Fe ) Vi 7€ B o

itk ARRESEHIIREEN

¢V, 0.1000x25.00
% 250

XSTFe R € SN A

=0.01000 (mol-L.™")

G,

Cr,0; +6Fe”" +14H"=2Cr’" +6Fe’ +7H,0
=t b/t=6/1, n_, =6n

Fe?" Cr,05

el T 6¢, o Mr.  6x0.01000x55.85
Cr, 02 /Fe*™ -
.07 1000 1000

=0.003351 (gemL")

www . kaoyancas . net
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B3 FREVERE 3 F£0.3348g, IR, LASnCLIEFe3 ik i NFe2-,
FH10.02000mol - L-! K, Cr,O- bR V& MR I € & F£5:22.60mL,
IR Fe,O, 1 i & H 20 4

fitt: FHOR NN
Fe,O,+6H" =2Fe’ +3H,0
2Fe’" +Sn*" =Fe*" +Sn*'

Cr,02 +6Fe** +14H =2Cr’>" +6Fe’"+7H,0

/n =3/1

n
Fe,03" ""Cr,07"

n =3n
Fe,0; Cr,05"

3c. V. M.
Bl w(Fe,0,)%=—"0 0 00
mg x1000

~ 3x0.02000%22.60x159.7
www . kaoyancas. net 0.3348x1000

= 64.638
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B4 WA ER, FREGAFE0.2246g, RS, MAN0.2036
mol-L- IEDTAﬁ/ﬁ/ﬁ/ﬁzSOmL VH TR RN A AR 5E 4 e MV,
i & HEDTAR0.02165mol- L' H) Zn> FrE VA R IR T € 24 5, T8
FEZn2 VA TR 23.20mL, T SRR HH AL O, A i = F 7048
fit: EDTASAT FIZn> ) e v A
H, Y +AP" = AlY” +2H"
H,Y* +Zn*" = ZnY* +2H"
HaLo0, Mpyra =1/2

1

=—n
EDTA
2

1
E (CEDTA VEDTA B CZn2+ VZH2+ ) xM Al 04
w(ALO,) % = =100
mg x1000

nA1203

1 (0.02036x50.00—-0.02165x23.20)x101.96

=2 =11.7
www . kaoyancas . net 0.2246 %1000




5 W EL25.00mLCath i, INNE 2437 B R I, (3 Ca2+
B CaC,0, e . BITiE i Jeseid, HEREM, H0.1800
mol-L- I KMnO b5 HEVS M € B4 5, 1H#E25.50mL. THHE LG
B ER VR R Ca2t i) T I
fif s AR RN N

Ca’"+C,02 = CaC,0,

CaC,0,+2H" =Ca* +H,C,0,

2MnO; +5H,C,0,+6H" = 2Mn*" +10CO, + 8H,0

5
= —n
2

LRRE MnO,

5
—C = - 2+
2 MnO, MnO, Ca

.= (g)
1000 :

5
—C = - 2+
2 MnO, MnO, Ca

m_,.
= Mea 1000 =
v 2
2 0.1800x25.50 x 40.08

— ~18.40 (g-L™)

WWW . kaoygncas .net 25.00
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YEMV Home work

First home work
Page 81 1n textbook
Questions: 5,8,9,11

www . kaoyancas . net





