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Table 3-1| Summary of rules for propagation of uncertainty

Function Uncertainty Function Uncertainty
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y=xtx e, = Ve ooy y =x" Yoe, = a Yoey
NSy | 1 & 0.434 29 v
y=x —Xx € =WVei €s y=logx e = — = (1434 29 —
p 1 2 i X X, p & il In 10 x X
0 00 2 + 902 1 £
Y =Xx0x, Yoe, = A% Yoeg Yoeg, yv=Inx €, = T
y = l 0o = \."'n_. 2 4 02 C= | (_'= (In 1M e. = 2302 6¢
) = .c.\EJ. / ,c.\(_‘.l _'Uf._‘.z y . (m ) €, .ol b e,
(’..
v =e¥ — =g
) 3 :

NOTE:
and Yoey is

Geometricky vyznam — Pythagorova véta

Typy chyb

Chyby soustavné (systematické):

- jsou pfic¢inou rozdilli mezi spravnou a zméfenou hodnotou;

- ovliviuji spravnost méfent;

- jejich pficiny lze nalézt a eliminovat.

pt. Spatna kalibrace pfistroji a pomticek, Spatné hodnoty koncentrace roztokl vzatych pro

kalibraci, matrixovy efekt

Chyby nahodné:

- projevuji se odchylkami mezi opakovanymi (paralelnimi)

méfenimi;
- ovliviluji pfesnost méfent;
- jejich pficiny neni mozno eliminovat;
- Ize hodnotit jejich vliv na vysledek méfeni.

Chyby hrubé:

- vznikaji nedopatienim, neznalosti ¢i malou peclivosti
pracovnika.




Vysledky analyz provadénych 4 riiznymi lidmi

Cheryl Cynthia Carmen Chastity

nepresna nepiesna presna presna
nespravna spravna spravna nespravna
Detekce druhu chyb

* Spravnost méreni (vliv soustavnych chyb)
- porovnani zmétené hodnoty s hodnotou
spravnou.

» Presnost méreni (vliv nahodnych chyb) -
testovani vyhodnocenim vysledku
opakovanych méfeni vhodnym statistickym
(chemometrickym) postupem.




Detekce systematickych chyb

analyza vzorkl o zndmém sloZeni (Swndardni
referencni materialy, SRM — rozdily indikuji systematickou chybu)

anal}'lza vzorku blanku (nenulovy vysledek indikace
systematické chyby)

pouziti riiznych analytickych metod (reshodny
vysledek — systematicka chyba v jedné nebo vice metoddch)
kruhovy (,,round robin*) test — analyza

riznymi lidmi v raznych laboratotich —
ANOVA TEST — vyssi neshoda nez je nahodna chyba indikuje
systematickou chybu)

Table 29-1| Calibration standurds

Element  Source® Purity Comments®
Li SRM 924 (Li,COy) 100,05 £ 0.02% E: dry at 200°C for 4 h,
Li,CO, five-six 9s M; purity caleulated from impurities. Stoichiomerry
" unknown
Na SRM 919 or 2201 (NaCl) 99.9% EL dry for 24 h over Mg(CIO,),.
Na,C0, three 9s M; purity based on metallic impurities
K SRM 918 (KCI) 99.9% Iry for 24 hover Mgi(CIO, b,
SRM 999 (KCl) 52435 = 0.004% K E ite at SO0PC for 4 h. N
K.CO, five-six 95 M; purity based on metallic impurities
Rb SRM 984 (RbCI) 99,90 = 0,02% E: hygroscopic, Dry for 24 I over Mgi(CIO, ),
Rb,CO, M -
Cs Cs,C0, M
Be metal three 9s E, M; purity based on metallic impurities.
Mg SRM 929 100.1 = 0.4% E; magnesium gluconate clinical standard.
5403 = 0022% Mg Dry for 24 h over Mg(CIO,),
metal five 9s E: purity based on metallic impuritics.
Ca SRM 915 (CaCO,) three 9s E; use without drying.
CalCO, five 9 E. M: dry at 200°C for 4 b in CO,. User must determine
stobchiometry,
5r SRM 987 (SrCO,) 99.8% E: ignite to establish stoichiometry. Dry at 110°C for 1 h.
SrC0, five 9 M; up 1o 1% off stoichiometry. lgnite to establish
stobchiometry. Dry at 200°C for 4 b,
Ba BaCO, four—five 9s M dry at 200°C for 4 h.
B SRM 951 (H,BO) 100,00 = 0.01 E: expose 1o room humidity (~35%) for 20 min before use,
Al metal five 9 E, M; SRM 1257 Al meial available.
Ga metal five 9s E, M; SRM 994 Ga metal available.
In metal five 95 EM

Transition metals: Use pure metals (usually =four 95) for elemental and matrix standards, Assays are based on impurities and
do not include dissolved gases.

Lanthanides: Use pure metals {usually =four 9s) for elemental standards and oxides as matrix standards. Oxides may be
difficult to dry and stoichiometry is nod certain,

. SRM is the National Institute of Standands and Technology designation for o Stambard Reference Material
b. E means elemental assay standard: M means matrix matching standard.

soURcE: 1 R, Moody, R. R. Greenberg, K. W. Pratt, and T. C. Rains, “Recommended Inorganic Chemicals for
Calibration.” Anal. Chens. 1988, 80, 12034




(Table 29-1 (continued) | Catibration standards

Element  Source” Purity Comments”
T metal five 9 E, M; SRM 997 Tl metal available.
C No recommendation.
Si metal six 9 E, M; SRM 990 Si0, available.
Ge metal five 9s E.M
Sn metal six 9s E, M; S5RM 741 Sn metal available.
Pb metal five 9s E, M: several SRMs available.
N NH,CI six 95 E; can be prepared from HCI + NH,,
N, Sthree 95 E
HNO, six 95 M: contaminated with NO . Purity based on impurities.
P SRM 194 (NH,H,PO,) three 9s
PO, five 95 » difficult to keep dry.
H,PO, four 95 E; must titrate 2 hydrogens 1o be certain of stoichiometry.
As metal five 9 E.M
SRM ¥3d (As,0,) G992 6 * (L0053 0% Redox standard. As assay not ensured.
Sb metal four 9s E.M
Bi metal five 9s E.M
(o] H,O eight 9 E, M: contains dissolved gases.
0, =four 95 E
5 element six 95 E, M difficult to dry. Other sources are H,50,, Na,50,,
and K,50,. Stoichiometry must be proved (e.g., no
soi
present).
Se metal five 95 E, M: SRM 726 Se metal available.
Te metal five 9s E.M
F NaF four 9 E, M; no good directions for drying.
Cl NaCl four 9s E. M: dry for 24 h over Mg(ClO,),. Several SRMs (NaCl
and KCI) available.
Br KBr four 9s E, M; need to dry and demonstrate stoichiometry.
Br, four 95 E
| sublimed 1, six 9s E
Kl three 9s E.M
K10, three 9s Stoichiometry not ensured.

Analvza antikonvulsantnich 1é¢iv v Krevnim séru

189 Before -
100 |- After |:|

80 |-

60 |-

40 |

20 -

Error (% of target value)

Phenytoin Phenobarbital Primidone Ethosuximide
(Mysoline)  (Zarontin)

Pouziti SRM — NIST (USA)
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Testovani presnosti méreni

(zakladni statistické¢ hodnoceni vysledkl analyzy)

* Opakovani analyzy téhoz vzorku:

n pocet opakovanych (paralelnich) analyz
x; (x; azx,) vysledek i-tého méfeni

» UrcCeni stredni hodnoty:

pron<7 median

pron>7 aritmeticky priumér . Z X l
X =—
n




* Odhad smérodatné odchvlky:

n<7
k, , tabelovany koeficient
R = x(max) — x(min) , rozpéti § = k n R
n>17 Y(x—x;)°
§ = l
2 1 -
S° .....variance n_l

* Vypocet relativni smérodatné odchylky « %):

n<7 s, =100 >
X
n>7 s, =100 >
X

e Urceni intervalu spolehlivosti:
n<7 L,=K,R

K, , tabelovany koeficient

n>"7 Ll ) — tis
, \/E t , tabelovany koeficient
* Vyjadieni vysledku:
n<7 ~
X*tL,
n>7 -
xtL,

- vysledek je nutné doplnit udajem o poctu stanoveni, n, a o zvolené
hladiné pravdepodobnosti, pro kterou byl interval spolehlivosti urcen
(95 ¢i 99%)




n Ky
2 0,8862
3 0,5908
4 0,4857
5 0,4299
6 0,3946
7 0,3698
n K, (0,95) K, (0,99)
2 6,4 31,8
3 1,3 3,01
4 0,92 1,32
5 0,51 0,84
6 0,40 0,63
7 0,33 0,51
Tah]e 4-2 Values of Student’s ¢
Confidence level (%)
Degrees of freedom 50 92 95 98 99 99.5 99.9
1 1.000 6314 12706 31.821 63.657 127.32 636.619
2 0.816 2920 4.303 6.965 9.925 14.089 31.598
3 0.765 2.353 3182 4541 5.84]1 7453 12924
4 0741 2132 2776 3747 4.604 5.598 8.610
5 0727 2015 2571 3365 4.032 4.773 6.869
6 0718 1.943 2447 3,143  3.707 4317 5.959
7 0711 1.895 2.365 2998  3.500 4.029 5.408
8 0706 1.860 2306  2.896  3.355 3.832 5.041
9 0703 1.833 2262 2.821 3.250 3.690 4.781
10 0700 1.812 2228 2764 3.169 3.581 4.587
15 0.691 1.753 2:131 2.602 2,947 3.252 4.073
20 0.687 1.725 2.086 2528 2.845 3.153 3.850
25 0.684 1.708 2.060 2485 2.787 3.078 3.725
30 0.683 1.697 2042 2457 2750 3.030 3.646
40 0.681 1.684 2.021 2423 2.704 2971 3.551
60 0.679 1.671 2,000 2390  2.660 2915 3.460
120 0.677 1.658 1.980 2358 2.617 2.860 3.373
% 0.674 1.645 1.960 2326 2576 2.807 3.291

work: In calculating confidence intervals, o may be substituted for s in Equation 4-6 if you have a great deal
of experience with a particular method and have therefore determined its “true” population standard deviation.
If o is used instead of 5, the value of 1 to use in Equation 4-6 comes from the bottom row of Table 4-2.
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n t/\(n) (0,95) t/\(n) (0,99)
4 1,59 4,61
6 1,05 2,25
8 0,84 1,60
9 0,77 1,42
10 0,72 1,29
25 0,41 0,67
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Normalizace Gaussovské kiivky
z=(x-w/o~(x-xp,)/s

urtlo .....68,3% méreni

ut2o ....95,5% méreni

“Et3o ....99,7% méreni

:"Table 4-1 Ordinate and area for the normal (Gaussian) error curve,
1

y=——e
v 2

z]* ¥y Area® | |z| y Area |y Area

0.0 03989 0.0000 1.4 0.1497 04192 28 0.0079 04974

0.1 03970 0.0398 1.5 0.129 5 04332 29 0.0060 0498 1

02 03910 00793 1.6 01109 04452 3.0 0.004 4 0.498 650
0.3 03814 01179 | 1.7 00941 04554 | 3.1 0.0033 0499032
04 03683 0.1554 1.8 0.0790 0464 1 3.2 0.0024 0499313
0.5 03521 0.191 5 1.9 00656 04713 33 0.001 7 0.499 517
0.6 03332 02258 2.0 0.054 0 04773 34 0.0012 0499663
07 03123 02580 | 2.1 00440 04821 | 3.5 00009 0499767
0.8 02897 0.288 1 22 0.035 5 0.486 1 3.6 00006 0499 841
0.9 0.266 1 03159 | 23 0.028 3 0.489 3 3.7 0.0004  0.499 904
1.0 0.242 0 0.341 3 24 0.022 4 0.491 8§ 3.8  0.0003 0.499 928
1.1 02179 03643 | 25 00175 04938 | 39 00002 0.499952
1.2 01942 03849 | 26 00136 04953 | 40 00001  0.499 968
1.3 01714 04032 2.7 00104 04965

a.z=(x— p)o.

b. The area refers to the area between z = 0 and z = the value in the table. Thus the area from z = O o
z= 1.4is0.419 2. The area from z = —0.7 to z = 0 is the same as from z = 0 to z = 0.7. The area from
z=—05wz=+03is(0.1915+ 0.1179) = 0.309 4. The total area between z = —= and z = +2 is unity.
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Vyznam Studentova t-testu

Stanoveni systematické chyby

 srovnani opakovan¢ho vysledku se ,,znamou*
hodnotou — SRM

foute = Ppar — »»zndmé hodnota| xV /s

calc

 srovnani opakovanych vysledk ziskanych dvéma
metodami

* srovnani jednotlivych rozdila u riznych vzorkt
bez opakovani — bioanalytika, ZP

Stejné populace N =X [ mm

Tealeulated = |

calculated Spocled \.‘ n + ",

B I‘.-" ;1‘1”" —x)2+ E{.\} - x,)2 e -DrSm-1
Ppocled = \ n o+ ny =2 Y n +ny—2
Jestlize ¢, > t(n;+tn,-2,95%) .......... vyznamny rozdil

? systematicka chyba

C Y — X

Ruzné populace lealoulated =

Vsiin, + si/n,
1/ 3/

. (s3/n, + 53/ny)2
Degrees of freedom = ( : ' ) —

(s3/n)?  (s3/my)?

n + 1 ny + 1

Jestlize ¢, > t(degrees of freedom, 95%) ..........
vyznamny rozdil ? systematicka chyba




f:.TahIE 4-3_ Masses of gas isolated

by Lord Ray

From air (g)

leigh
From chemical
decomposition (g)

2.310 17 2.301 43
2.309 86 2.298 90
2.310 10 2.298 16
2.31001 2.301 82
2.310 24 2.298 69
2.310 10 2.299 40
2.310 28 2.298 49
— 2.298 89
Average

231011 2.299 47
Standard deviation

0.000 14, 0.001 38

SOURCE: R. D. Larsen, J. Chem. Ed. 1990, 67,
925: see also C. J. Giunta, J. Chem. Ed. 1998,

75, 1322,

Chemically generated
nitrogen

Q00 O©

Nitrogen from
air

Statisticky rozdil na obou hladinach (95% a 99,9%)

Systematicka chyba

6?




Srovnani jednotlivych diferenci — analyzy neopakovany —
stanoveni v lidské krevni plazmé

Table 4-4

Comparison of two methods for measuring cholesterol

Cholesterol content (g/L)

Plasma sample Method A Method B Difference
)

| 1.46 1.42 0.04

2 222 2.38 -0.16

3 2.84 2.67 0.17

-+ 1.97 1.80 0.17

5 1.13 1.09 0.04

6 2.35 2.25 0.10

d = +0.06,

Z‘calc

= |y | ><\/”/Sd

F-test

F

calc

) 2 _
=s,%/s,>=var, | var,

(Table 4-5| Critical values of F' = s}/s at 95% confidence level

Degrees of Degrees of freedom for 5,
freedom
for s, 2 3 4 5 6 7 8 9 10 12 15 20 30 =
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5
3 955 928 9.12] 9.0l 894 | B89 | B84 | 881 879 | 874 | 870 | 866 | 862 8.53
4 694 | 659 639 626 616 609 | 604 | 600 | 596 | 591 586 | 580 | 575 | 5.63
5 579 | 541 519 505 | 495 | 488 | 482 | 477 | 474 | 468 | 462 | 456 | 450 | 436
6 504 476 453 439 428 421 | 415 410 | 406 | 400 | 394 | 3.87 | 381 | 3.67
3 474 435 412 397 | 387 3.79| 373 | 368 | 364 | 358 | 351 | 344 | 338 3.23
8 446 407 | 384 369 358 | 350 344 | 339 335| 328 322 315 3.08 | 293
9 426 | 386 | 363 | 348 337 329 323 | 318 | 314 | 307 | 3001 | 294 | 286 | 27l
10 410 371| 348 333 322| 3.04| 3.07| 302 | 298| 291 | 284 | 277 | 270 | 254
I 398 359 336 320 3.100| 301 | 295| 290 | 285 | 279 | 272 | 265 | 257 | 240
12 388 | 3.49) 326 311 3.00| 291 | 2.85| 280 | 275 | 2.69 | 2.62 | 254 | 247 | 230
13 381 341 308 302 292 283 | 277 271 | 267 | 260 | 253 | 246 | 238 | 221
14 374 334 3001 296 285 276 | 270 | 265 | 260 | 253 | 246 | 239 231 | 213
15 368 329| 306| 290 | 279 271 | 264 | 259 | 254 | 248 | 240 | 233 | 225 | 207
16 363 324 301 | 285 274 266 259 | 254 | 249 | 242 | 235| 228 | 219 | 201
17 359 320 296 | 281 | 270| 261 | 255| 249 | 245 | 238 | 231 | 223 | 215 | 1.9
18 356 36| 293 277| 266 258 | 251 | 246 | 241 | 234 | 227 | 219 | 211 | 192
19 352 313| 290 274 263 | 254 248 | 242 | 238 | 231 | 223 | 216 | 207 | 1.88
20 349 | 310| 287 271 | 260| 251 | 245| 239 | 235| 228 | 220 | 212 | 2.04 | 1.84
30 332 292 269 253 242 233 227 221 u16 209 201 193 184 1.62
w 300 260 237 221 210 201 1.94 1.88 1.83 1.75 1.67 1.57 .46 1.00




Testovani hrubvch chyb
(vylucovani odlehlych vysledkii)
* Dean-Dixoniv test

Tahle 4-5-‘ Values of Q for

rejection of data

(pro maly pocet méteni) [0) Number of
Q.10 = rozdil / rozpéti (90% confidence)®  observations
X5 *XV _ X” 7th7|
0=t 0.=5% 0.76 4
« Grubbsiiv test 0.64 5
(pro vétSi mnozinu méfeni 0.56 6
s opakovanim) 0.51 i/
0.47 8
[ ] 1] 0.44 9
]1 = rT = "1
S TS 0.41 10
1 < —\2 g Q = gapfrange, It Qcalcul:m.‘d 7 Qtahlc‘ the
S= _Z(xi -X) value in question can be rejected with 90%
noig confidence.
sourCE: R. B. Dean and W. 1. Dixon, Anal.
_ n—1 Chem. 1951, 23, 636; see also D. R.
S=s5x n Rorabacher, Anal. Chem. 1991, 63, 139.
n kn Kn Qn Tn
a=005 a=0,01 a=0,05 a=001 a=0,05 a=0,01
2 0,8862 6,353 31,822 - -- - -
3 0,5908 1,304 3,008 0,941 0,988 1,412 1,416
4 0,4857 0,717 1,316 0,765 0,889 1,689 1,723
5 0,4299 0,507 0,843 0,642 0,760 1,869 1,955
6 0,3946 0,399 0,628 0,560 0,698 1,996 2,130
7 0,3698 0,333 0,507 0,507 0,637 2,093 2,265
8 0,3512 0,288 0,429 0,468 0,590 2,172 2,374
9 0,3367 0,255 0,374 0,437 0,555 2,237 2,464
10 0,3249 0,230 0,333 0,412 0,527 2,294 2,540




ANOVA

Analysis of Variances

- umoznuje analyzu zdroje chyb

\ 2.Grind chip
3. Extract salt
into water

4. Analyze 3

/NN
AYAYAYA

Bl

Table 29-2_ Analysis of sodium (wt %) in potato chips

Sample
Statistic Chip 1 Chip 2 Chip 3 Chip 4
FINDING STANDARD DEVIATION WITHIN SAMPLE
wt % Na 0.324 0.455 0420 0.447
0311 0.467 0.463 0.377
0.352 0.448 0.424 0398
Average within sample 0.329, 0.456, 0.407,
-“-'u "-': 3 i*
Standard deviation
T 0.02 0.023 0.0335,
within sample 205 T 32
5 8y 5y
& = number of samples = 4 n = number of replica nl = total measurements
FINDING VARIANCE WITHIN SAMPLES:
Variance within samples 4.39, % 1074 9.23, x 107% 5.64, % 107* 1.29, x 1074
5 53 b 5
Average variance _ , o 29-T1
within samples  “within ~ 26D s,
= ‘::4_39‘, X107F 4+ 923, X 1075 + 5,64, % 1074 + 1.29, % 1077)
= 596, x 1074
Degrees of freedom for variance within samples = nh — = 12 -4 =§
FINDING VARIANCE BETWEEN SAMPLES;
1
Overall average = ¢ = y 2 (all measurements) (29-T2)
nh

= %{0.324 + 0311 +0.352 + 0455 + ... +0.377 + 0.398)
= 0407,




'_"'i'ahle 29-2 (continued) Analysis of sodium (wt %) in potato chips

Variance of
average values _ 2

from overall T
mean value

1 —a -
i = El‘samp]c mean — x)° (29-T3)
e

1 . ) ,
3100329, = 0.407,)* + (0.456, — 0.407,)* + (0.435, = 0407, + (0407, — 0.407,7]

=312, % 1073

Degrees of freedom for variance of average values fromoverallmean = h — 1 =4 - 1 =3

= Spoweend VI (29-T4)
= 08t = 33.12, X 107%) = 9.37, x 1073

HYPOTHESIS TESTING WITH F TEST:
fr — 1 = 3 degrees of freedom

F o e _ 937, X 1077

= = ——=—— = 157 > 4.07 in Table 4-5 (29-T6)
Skitin  3:965 X 1074
mh = h = & degrees of freedom
ASSIGNING SOURCES OF VARIANCE:
STetween = Siibin T MSampling
1 2 2 1 - - o~

= Shuptng = 3 Beaween = Shigia) = 3037, X 1078 = 5,96, X 1074 = 292, 107 (29-T7)
STANDARD DEVIATIONS:
Seampiing = V5 npiing = V292 X 107 = 0054 1
Sysis = Switin = V5w = V5.965 X 107% = 0,024 4

souRCE: From F.A. Settle and M. Pleva, “The Weakest Link Exercise.” Anal. Chem. 1999, 71, 538A. Two entrics in cach column are real and the third
is a fictitious value added for the sake of this example, The article cited here takes the analysis one step further and shows how 1o break the overall
error down into T from ling. sample preparation, and analysis, See also D. Harvey, “Two Experi m ing the lmp of
Sampling in Quantitative Chemical Analysis.” . Chem. Ed. 2002, 79, 360,

A | B D e F |
1 | Analysis of Variance: Potato chip example from Table 29-2
)
3 Chip 1 Chip 2 Chip 3 Chip 4
4 0.324 0.455 0.420 0.447
5 0.311 0.467 0.463 0.377
6 0.352 0.448 0.424 0.398
il
8 | Anova: Single Factor
9
10 | SUMMARY
11 Groups Count Sum Average Variance
12 | Column 1 3 0.987 0.3290 | 4.390E-04
13 | Column 2 3 1.370 0.4567 | 9.233E-05
14 | Column 3 3 1.307 0.4357 | 5.643E-04
15 | Column 4 3 1.222 0.4073| 1.290E-03
16
17
18 | ANOVA
19 | Source of Variation S5 df MS F P-value F erit
20 | Between Groups 0.028118 3/0.00937256 | 15.712583| 0.001025| 4.0661803
21 | Within Groups 0.004772 8 0.0005965
22
23 | Total 0.03289 11
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Kalibrace analytické metody
(pristroje)

Analytické metody

e absolutni — nevyiaduji kalibraci; klasické a nékteré instrumentalni metody (napr-
elektrogravimetrie, coulometrie, aj.)

» relativni (komparativni) — stanoveni zalozeno na kalibraci pfistroje
pouiltého k méreni analytlckého s1gné11u; vétsina instrumentalnich metod

Dvoustupiiovy analyticky proces u relativnich instrumentalnich metod

» Kalibrace — hledani funk¢éniho vztahu mezi odezvou pfistroje
produkuyjici analyticky signal, S, a koncentraci analytu (standardy), c :

§=f(c)

* Vlastni stanoveni — zméfeni signdlu S pro neznamy vzorek a vypocet
jeho koncentrace z funkce pouzité pro kalibraci — inverzni problém

1077 ¢+ e , ,
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- Ron W 16 Chlunde (fa Orion)
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Priklady S = f(c)

e linedmi:A=excxl I, =kxc,
Lgip = kxc

* lineérni po transformaci
E = const + log (c¢)
log(I) = const + b x log(c)

* exponencidlni E =10°
I=axch

Linearizace funk¢éni zavislosti — linearni regrese
Citlivost — smérnice kalibraéni pfimky (krivky)

Metody kalibrace pristroje

metoda kalibra¢ni kiivky

metoda standardniho ptidavku

metoda vnitiniho (interniho) standardu

metoda vné¢jSiho (externiho) standardu

Volba veétsinou podle velikosti matricového

efektu




Relative mass spectral peak area

Prezentace matricového efektu

Matrix = reagent water

Matrix = groundwater
——

e ey e N R R

0 20 40 60 80

Perchlorate (ug/L)

Linearni regrese — metoda nejmensich ¢tverci

Vertical
= deviation (X )

== ¥ A

10, y
AX
_Ay -
Slope = Ay =M
y=mx+b
| TlIntercept=b
1 2 3 4 5 6




[Table 5-1| Calculations for least-squares analysis

x; ¥ ¥ x} di(=y; — mx; — b) d}
| 2 2 1 0.038 46 0.001 479 3
3 3 9 9 —0.192 31 0.036 982
4 4 16 16 0.192 31 0.036 982
6 5 30 36 —0.038 46 0.001 479 3
B, =14 Sy, =14 S(xy) = 57 Sad) =62 (d?) = 0.076 923
Questionable 2
data point
0.400 |- Average with l
questionable—
GJ .
oint
© 0.300 |- P
@
= :
5 Average without
wn . .
- 0.200 questionable point
0.100
| I | | |
5 10 15 20 25

Protein analyzed (ug)




(Table 5-2| Spectrophotometer data used to construct calibration curve

Amount of
protein (pg)

independent samples Range

Absorbance of

Corrected absorbance

0 0099 0099 0100 0001 —0000, —0.000, 0.000,
50 0.185 0.87 0.88 0003 0085, 0087, 0.088,
10.0 0.282 0.272 0.272 0.010 0.182, 0.172,  0.172,
15.0 0.345 0.347 (0.392) 0.047 0.245, 0.247, —

20.0 0425 0425 0.430 0.005 0.325, 0.325,  0.330,
250 0483 0488 0496 0013 0383, 0388, 0.396,

0-40 : 1 I T 1 | T I T T | T I T 1 | ] I ,g

035E Unknown beyond linear region e

0.30f E———— -

® C Unknown in linear region 3

E o2sf 3
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2 E =

© = =

E 0.15F ! -
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= 010 —
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Detekce linearity
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Metoda kalibra¢ni krivky

c(st) V(st,n)—»|c(st,n) [—>
standardni \ V(st,2)
vzorek -
V(st, 1| c(st,2)|—>
c(st,1)|—>
c(X) |—Vvx)—»| c'(x) |—»
;  pracovni roztoky
analyzovany 1 dm.barkach
o objemu V

S(st,n)

S(st,2)

S(st,1)

S(x)

odezvy
pristroje

Metoda standardniho pridavku — linearni zavislost

c(st) c'(x)+c(st,n)|—»| S(x+st,n)
standaran :
vzorek V(st ’ '
c'(x)+c(st,2)}—»| S(x+st,2)
c'(x)+c(st,1 )|—> S(x+st,1)
c(x) c'(x) —>  S(X)
analyzovany pracovni roztoky —odezvy
vzorek v odm.bankach pristroje

o objemu V




Place 5 mL of unknown in each flask

Ld4d4

Add 0, 5, 10, 15, or 20 mL of standard

L4

Fill each flask to the 50-mL mark and mix

YY"

Modifikace

H-point metoda

eliminace matricového
efektu a efektu blanku

Concentration -

of unknown, [X], -~

N

Analytical signal

-~ \Reading of unknown

without added standard

|1 | | | | | |

-0.04 -0.02

0 0.02 0.04 0.06 0.08
Concentration of added analyte, [S]; (M)




Metoda vnitiniho standardu

Axlex=F (Ag/ cy)

X Neznamy vzorek
Faktor odezvy
| l Riuizny chemicky charakter
i ‘ S Vnitini standard
S
R
w . .
& .Spiking* metoda
©
Q
[0}
()}
Y, SO
]
0 5 10
Time (min)
(a) (c)
1 800
i [
g " | ﬁ A i
& | £
£ 14 | 3 900
< 1 A I
W
_3 - i - : ) 0-&%
0 2 4 6 8 10 0 2 4 6 8 10
(b) (d)
spikovano 1 pT’l Ni(edta} 800
g 34 4
g I "
£ S 900
g 1 ‘ }/!‘l F'\ibu'JU 8
A J
—1 1] 1 1 1 1 0 1 e I 1 | )
0 2 4 6 8 10 0o 2 4 6 8 10
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Stanoveni EDTA v krevni plazmé




Stanoveni 1éCiva Cefotaximu
zndamé necistoty 2,3,5-9

0.002 - 4
] e Cefotaxime

8 2 5

% 0.001 3

L

P

(=]

7]

= 1 1

<<

0.000
! I L ] ! I ! I
6 10 14 18 22
Time (min)
A | B | ¢ D E F G |H | J | kK | L

1 | Least-Squares Sp |
3 |Numberof |x |y xy xh2 d dh2 |
4 | points (n) 1] 2 2 1|  o0o03sas| o0o00148] ! 1
5 4 3 3 a 9| —0.13231| 0.03698| Lt T |
6 al 4 16 16| 0.19231] 0.03698] 2 i I
% 6 5 30 36| —0.03846] 0.00128] s I I
R S o COMABIINE - e e s | y=0.6154 +1.3462 :
9 14] 14 s7]  s2] ooooo]  77E-02] § I
10 : : ]
11 |D= std deviy)= A12 = SAS5°E9-BY°BY | 4 7 i
12 52 0.19612 A14 = (D19°5AS5-B9°C8)/SA512 | / ]
13 |m= std dev(m)= A16 = (E9"CI-DI'BI)/SAS12 | o I
14 0.61538 0.05439 B12 = SQRT(GY/(SA55-2)) | P ]
15 |b= std dev(b)= B14 = $B812°SORT(5A55/5A512) | 5 / ||
16 1.34615 0.21414 B16 = $BS12"SORT(EQ/SAS12) | / I
17 | F4 = C4-54514'B4-5A516 | ]
18 ¥ i

| 19 | Finding uncertainty in x with Equation 5-14: | |
20 0
21 |Measured y = Number of replicate values of y measured (k) = o 2 4 & ]
22 2.72] | | 1 X ]
23 | Derived x = | Uncertainty in x = — — —
24 | 223250] | 0.3735] | |
25 | | |
26 | Derived x in cell A24 = (A22-A16)/A14 |

| 27 | Uncertainty in x cell G24 = (SBS12/ABS(SAS14)) SQRT((1/5G522) |
28 +EAS24°2 SAS5/SA512+SES9/SAS12 — 2°SAS24°SBS9/SAS12) |




Obecné zasady pri provadéni kalibrace

 pocet kalibra¢nich vzorkli n > 6;

 pifi metod¢ kalibra¢ni kiivky by koncentrace
neznaméeho vzorku méla lezet v
dynamickém rozsahu metody

 koncentrace analytu v kalibra¢nich
roztocich by mély byt odstupniovany
nelinearné (napft. 1, 2, 4, 8, 16...), resp.
podle chemometrickych pozadavkl

Vyhody a nevyhody kalibrace pomoci
metody kalibrac¢ni krivky

* kalibrac¢ni graf i rovnici lze pouZit
opakovang;
 zavislost § = f(c) nemusi byt linearni;

* kalibracni roztoky maji jinou matrici nez
vzorek




Vyhody a nevyhody kalibrace pomoci
metody standardniho pridavku

* vliv matrice na odezvu je stejny u vzorku 1
kalibrac¢nich roztoki;

* kalibraci je nutno provadeét pri analyze
kazdeho vzorku;

» metoda je pouzitelna pouze v pripade
linearni zavislosti S = f(c)

Validace metody

Priklad

spektrofotometrické stanoveni rimantadinu




