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Chapter 2

Errors and Data Handling in
Analytical Chemistry
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T MER S0 Significance test

A] GEf4:Possibility:
1 M 45 339 E S s dEE A A
2 AETTES AR E A E N X E
R4 AR
JR KIReasons: 1. BEHLIRZE----GitF RV

2. RGRE----LEMEZER
#Al A Estimate: 178 E A5
7 EMethods: 1. ¢ fIevk;

2. FKESeyE;

3, —F HERKTE
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= M . .
E‘Z/_ﬁ‘ E:*&g[&&gmﬁcance test
1. EE S EERB - f8%7E; mean & true value

R SEA R HE I Z TH R e, BRI B ERER
??JE‘%UI%, it > tﬁ,ﬂ”ﬁﬁﬁ%'rii—%%o

2. AR S EZR LB ----F f57%; variance comparison
RS N AHBIERRE A LR EEER, EXARITEF

NN TTZRIWAE, F=sy2s,2 HENFE, £BFERE, &
F>Fy WAFAE R Z 1R R

3. MAZHE I ER B - Eise—F HEeR%TE
2 B E &G FHAriERZ . Combination of -F test

\/;: nn, f=n+n,-2 E:\/flslz'l'fzszz

n +n, =f1+f2
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FEERRE

Acceptance or rejection of doubtabal values

A] e £ Possibility : 1. —HNEZIEF, HIEUE L EhEHE
KEZ 8 /MRZ (AR FEE) -
2. AFETE AR S = B E N 56 [E 1t
FE AT A5 RANE]
JRAReasons : 1. FENLIRZE---FEEEE, &HIK;
2. Tk,
Bl & #| E Estimate : A RBEHEE -Gt 7755
JiiEMethods : 1. 4df5E; 2. QREiE; 3. TRREE
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F i B R EGE
1. 4 d KIVE 4 d -test

‘xD_— ] ¥
d

2. O RIE Q -test

Q:xz—xl o Q:xn_‘xn-l Q>Q§%’¥

b= o

n

3. THE7E (GrubbsiE) T —test or Grubbs test

Xp —x‘

T = > jh%% ‘f%?é%i !

A
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0.1014, O 1012,

AR
0.1016, 0.1025,

] 0.10252 75 ﬁ‘z%?("’”{ FEH90%)

0.1025-0.1016

O

0.1025 M AR E.
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0.1025—0.1012

=0.69<Q,.,(4)=0.76

x=0.1017
T=0.1015




Methods to improve the accuracy of analysis

1. BHFESER A

Select an appropriate analytical method

T 5B 43 M Titrimetric:

PR

I 2553 ¥ Instrumental:

%

XZ_‘I_.I’

I:l

e, EE

HEBREE.
MESITREE




2. B/PNERE

Decrease the measurement errors

AT D BRI IR 2 ?

Weighting error
AT 93/ ¥ S 23 T R )

BEHRZE? Reading error




SR FRHREIREZAEE0.0001 7, wfENEE K
X RZELEO. 1%L, RN IZFRZ /D5 ?

3
%8 7§ 1% 2 (E) FELFRE WA
MR E ED) = —— X 100% ESHZ—HL*
B E A B e

%*ﬁﬁﬁe%fh
E 0. 0002g 0. 1%L T
REE = = = 0.2g

E% 0. 1%




HEEMZHREEL0.01 ZF, WFENE

AR

FXHREE0. INLL R, WM ERIERE D 2/

ZF?

il
% 3% 1% = (E)

MR ZE (E%) = X 100%
T TR AR AR

JHFER T 2
AR 4 23
7E20mL L _E,
75 ] A5 ] &= B
X R ZETE
0. 1%L F.

E 0. 02mL
T R AR = = = 20mL
E% 0. 1%



3. WINPAT I HIIREL. B/ MERIRE

Increase parallel determination to decrease random error

4. HENETEFHRAIRE.

Eliminate system error

ATV R U T AR
R RFIRE?
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RARENRETTIA

Check up system errors

1. PRUERE X IR AT -

Check test using standard sample

i LA AR FOAT SRR, B AR Rt
W FEURE 77 AT 0T ABE T ) S W A T
BGRAE. AN AR R BRI, R EH R

GiixZ . Using correction coefficient

FERAEE S AT E S E

FAERFNREE
BUAL2E = WEEE X RERK

RIERHK =
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RGRENRE A

Check up system errors

2~ PRAETT VRN FRAR TG -

Check test using standard method

328 FH [ 5O RE AR HE T 145 B AN KT AT RE o T 5 V200 [R)—d
FEREAT XS IRASS, angs RS FrH R A G R U — 2
M AVE TR A 1R Z . Using correction coefficient

BRI 4

LR E
BNALEE = WREE X RIERK

RIEREK =
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RGRENRE A

Check up system errors

3. FRUEMAE CHIAEWRE) -
Recovery method using standard addition
UM 4 5 il R (x), R H A — I BRI E (AR ZH
o EIN AT E , AR 270 B e 5 € = [l OR
HIWTE L RGIRZE

Calculation of recovery:

B £ (%)
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RGRENRE A

Check up system errors

Interior checking and exterior checking

“WiL” : Self-checking
E R T N R AR PR EZR T IRE, EilE
DT, KO MERIRERERE (NEEEME) ER
LHAME TR SS kAT S i, DU E 7 A A e
TEiRZE

“4M” «  Exterior checking from other units

AN ] BRLASE 22 TR HE O3 A 45
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Hi

JiR I Blank test:

AL, & 97 H AR TE [F) 16 B BR A 2% 1 2k
TRt , REINZEAE. R NRAFEP RS
JEMSEI LRI EN TSR,

B IE{¢ #8Calibrating instrument:

SR, R, RESIEHITRIE.
R4 Purifying regents:
Tie. ESmE

B IE 531145 8. Correcting analytical results:
RIERB (5rraETERIHAE)

TS R =M ERHE X RIE RS

N

\

bl

|'rnl
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i = 2 B Quality control Chart

N 7 Ji = 7% % 5 & (quality control sample):
EAHEEA e E 5 ERFmEL, WK 7%
MEREFREG EZTHFm T2 — 2
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B RAETF
BIEEH I ERTE R —NAHERFEN

m @R FRZE0.1mg):12.8218g(6) , 0.2338g(4) ,
0.0500g(3)

OF 432 —RFFRE0.001g): 0.234g(3)

O1% KFEFHRE0.01g): 4.03g(3), 0.23g(2)
O ERFREO0.12): 4.0g(2), 0.2g(1)
V% E B EZ0.01mL):26.32mL(4), 3.97mL(3)
e A E:100.0mL(4),250.0mL (4)
*i[%ﬂﬁ’r‘é :25.00mL(4);
W EfR(EZR1mLE0.1mL):25mL(2), 4.0mL(2)

18
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JUIUAE e

Several regulations

1. BEZH 04N B

2. B G IO XANTE 2R,
1000 ( 1.0X 103,

1.00X 103 ,1.000 X 103)

) /I\Aﬁﬂ—

3. HRZ0] & R

KRR THERR);

A TR ALE, W
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S1H : 0.02450

'Xﬁ})

HIE 2K

LA TG FR 2 A B (5 &
w8, eI R E




4. BHREPIE —NBKNTFTSH, A ZiH—NMEF
MEF, 110 9.45X 104, 95.2%, 8.65

5. X ERBHIA B AN BIR 2R
41 10234 5 pH=11.02, M [H*]=9.5X10-12

6. RERFERE1~24I;
7. WP E TR A, S R — ROV AR BT

(H T KE— RN LLE B F);
8. '%“' ﬁ*ﬁrb—ﬂﬁmwﬁx&é&?w ~0.1%) ,
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HYR T BHETRIB2N

Amendment regulations of significant figure

W= yAVNG N5 A4
CTpSlUle E € CaTE

%, B
BB <4b
B E>6H

R =

=5,

5 IE

2= 0.52664 — 0.5266
A, 0.36266 — 0.3627

S, & e HEUN0, S5 :
10.2350 — 10.24, 250.650 — 250 6

1108 20T

18.0850001 — 18.09
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iz ZHF M| Calculation regulations
1. in¥&iZaddition and subtraction:
25 R B A% i%%ﬁﬁﬁjiiglﬁ A TR 2 B
KHZ. (53R E 8D I —20)

50.1 +0.1 50.1
1.46 +0.01 1.5
+  0.5812 +0.0001 + 0.6
52.1412 52.2

52.1

22
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2. FefrEMultiplication and division:

1 B T MR 22 7 5 % B 0 A R
EBRIBADERL (1154 2 7%

x> B —Z0)
1 0.0121X25.66X1.0578=0.328432
(£0.8%) (£0.04%) (F£0.01%) (x0.3%)
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NaOH
CaCO, +2HC(1 — CaCl, + H,CO, + Ha(}i%)
L. H,0+CO, |

w(CaCO,) =
(0.1000% 25.00—0.1000 x 24.10) M (CaCO,)

m_x10°

~ (0.1000%25.00—0.1000% 24.10) x100.1/ 2

0.2351x10°
=0.0191599=? 0.0192
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3. BZsEHCOTE. Ty, FHE)

Complex arithmetic (logarithm, power, evolution etc.)

BlpH=5.02, [H]=?

pH=5.01 [H*|=9.7724 X105
pH=5.02 [H*]=9.5499 X 10-6
pH=5.03 [H*]=9.3325X10-6

. [H]= 9.5X10-¢ mol/L

2
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ZUEEIOEE S A

Significant figures of analytical results

LTI X Fm g mEt, BT RSN, WA x B2
I3 2R e

’fﬁ”: D — 1962% n:4,p:95%ﬁﬂ"

$- = 0.20%
Li0s3 = 3.18
19.62+3.18x0.20 = 19.6 + 0.7(%)

19.62+3.18x0.20 =19.62 £0.64(%)??
SEFRINGE B, E E 2 EOKT10%0), DU A BT
1%~10%), =8 ET; DT 1%0, A8 38T
iR — WK ~2 0 G et
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ga R IWiRr L valis
ST 5 B HE (validation of analytical method)

UE A B 73 B 525 R 22 11 -3 S80I 5 5 SR A W i R [ A 38 e 1 E ST VFVE
ZWo S ITERISSUE LSIE SRR

IS UE S (validation characteristics)

| #EWIE/EE (Accuracy/Trueness) : DLl E (E K& IME 5 BABZ [A] )
ZAHRER .

W TR B R ERE, R B E A B (E AR R

RHEHIFOL T, "R FUEEOA TR BUERAE . BN EES

=5 N (ZE18)) F LR 52 1 b o s 22 B ] 550 HE EAEL 95 % ELAR X A, I F] A
XA X )2 15 AL R0 A, BX )Y BT BRAE R 572 70 A 5 V5 I B SR A
FEIEEIZ N .

2 K55 JZ (Precision) : A5 %5 BE 2 F8 IS STRE i FR S BT 2 B AR EAT
BEANER, g2l — 250 e R bz B — 28R . e
ERREDIRE . PrERZE. BN RERZE MR R . BERYEE
H LRI FMHAF UL =AIKFR R, malbiN: EEE. ENERE,
EEEIM. www .. kaoyancas . net 27
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(1) EE 1#(Repeatability/Intra-assay precision):
fRscgn s LI wWiv H. RE . a8 E DGR vtk
TSI AR RIR SRR OL T, A S8 fr R S U A
A AE RIS 6] PN 347 52 2 00 Al 7 IS) R AT 2540 RS 2
(2) =N EINE (Intermediate precision):

falA—sege =N, g, S H. RE. AFHE G
1Rt 5 5 LI 5 B Bl R KR DL T, A ST i

3 R R B R AT B R A e I (N BRI AR ) RIS
Z .

(3) Z[B]E I (Reproducibility):

TEAEAN A SREG 5], IS SIRE fh AR U 22 3R 2247 3
253l 5 I (R R0 A ‘= 180 P L2 A O A
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WWW .

PEH 7 =Evaluation method:

B, BEARUER S EEH AT AT AR S A=

IA/SEAEN % & ST B S N R N i P S o
N T IERATS AR, B AH

)L % Enough experiments

kaoyancas.net

M.
Fa 2 BEPEOTI

i A7k F 4 Levels of analytical conditions

5252 % Enough laboratories
I L X AT TR 2 R 35U o A e AR AR AL B R

HAPHIRSE L LM dniE w2 AXS

RIATHT T .
PR ZE 2

[1190% E.15 X 18] LK 55 HAR XS N ) A 1 22 1T
H 5595 M 07 VR BT SRONS T R HEAEL AT X

X R
LU 5 57 77

e AT AT o EE A2 LS N (IR IR N T VR A o
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3 UEPEE/FF A 1% (Selectivity/Specificity)
£ X: Definition

EFETE SR 73 A i R FAF VIR O0 T, XS4l 420 Jo ik
T IEBIE R RE T, RIRZS I 5 IR R B RE S GRS M7
AR FENER Dl shiE, AT LR AR 950 BLkh 7e .

PEM vE:  Evaluation method

FAUE 53 B 77 72 S e 08 X 46U P Jo A T 285 ) B RE

T M TR R IR B T DL I U (A) 925 45 47 Joid A+ i (B
PEXTAR):  (B) v Ea #ll V) i A AR LAY i (R0
(CYNA GNP, DNEIFREATEXS ), RIFA. B, C
=PRI A 45 AT VR . WERANAA Z 1S BN, \ L
&1 AN AEYIRIRE i B AN

www . kaoyancas . net
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4 fi H P (Detection Limit)
£ X: Definition

A Hh BIR e i st A BT 2 ) AR 72 ol R A ) ) e R i
Lo FERSH IR N IR A RIRE — sl RE W E4T € &

PEMY F % Evaluation method

Ao A BR AT DLIE o 2 R i ke H PR BT XA o 0 R O
i 22 DL Aok H BR B i an e i 2o R Rt R E . a0, ARYE
HH PR il w7 1l 2 1) ARt 238 DL R s R ot D 4B I AT 22
A 2R A R

DL=3.3c/slope

DL: fu it [R

o: 78 EFEAn I E AR AR 22 (7] FH s O)

slope: o Hi PR P 3 A v B 28 10 k2R
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5 E=[FE(Quantitation Limit)
E )‘(: Definition

o PR AZ TR R a1 P 2 BN o AT 48R AT 7 B ) B /)
E&Eﬁﬂi/&ﬁ 7E B[R AT IR S {E AR B, LARHXS Fr it
{Eﬁfﬁ%f%é‘j‘, —_*fb(;fjl()gé)

tEYr /577%=: Evaluation method

1 € B PR 1T CLIE I 2 B3R i B ) 47 xe B PR PR T A
e I 7 AEL E’J?l‘ﬂﬁﬁ‘ai% UL e B PR I AR 28 R R H
Bilan, MRYE € & PR M IT AR 2k iR DL LS B AL E
B bsERZ, BTk &R

DL=10c/slope

DL: =R

c: RN EE R AR ZE (AT F sARE)
slope: € == PR 5 B U b 14E BH 26 1 8 2R
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6 ZE14 5% Z(Linear relationship)

E X: Definition

ZENVER R 18 70 M T VR RENS 19 21 5 90 it i) e Bk B A

H B 2% & M EAE KT RE I CL RS, A4 5 1]
AR AT P M o sUH 13 2 R A2 R E)

U F7E:  Evaluation method

B BRI

HERE — RIS [ P ) BB i, 2 I8 AT 0 R )
PR IRAEATINE , R B H0 &5 21 1 [ V7R S AH 5% AR B0

N BT, AR, K5I A Bl U

0L L ) A

X R ORI, AN R R E &S . W,

K SASAS RIS (AR B R db AR e 1 5< 2R BB 7T
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7 Z¢1E 70 (Linear range)

E Y : Definition

www . kaoyancas . net

T AT TR UL T T IR VR B e B e A AN I

AP _EFR AT PR ) Z 4] E’J ENEE

P i % =S S S

RARITH AN TG B —ERE r“%n/ﬁﬁﬁr“ H H A 1

R AR AL AL 5 BT IR =GR EE) Z TR H) 75 B

PEM 5 ¥E:  Evaluation method

T AT TR SRR IR YE Bl — O PR i A R e AE 1) = 20% 24
Xy Bl BRAE S 3 B A SRAE B S B R At BEAT A 3 B S TR

FE R B I T 10
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8 & M 1E/ZE [EH 14 (Robustness)

TR TR 9 i R AR AE /N T [ N AR, R (B AN 52 52 0 1Y) B
J1. Blan, RMNFpHIE. . =8 &A1 =5 08 2T
1& 2 VI R N AR S, R RE B T R e ﬁLﬁmnﬁm e
(BEXT T M s A Fa e i, N7y in DA sk

& N BT 7T 25 RAE 73 M 748 R AR 2 70 26 A1 07 R0
FEIEREF WAL A PRI
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Home works

Pages 57 and 58 1n textbook
Questions: 12,14,16,19,20,22,26
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