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Management of Calibration Curves in the Absorptiometric Analysis

Fujio TSUGANE, Masataka KAMAKURA, and Hideki TERAOKA

Synopsis:

The principle of the absorptiometric analysis depends on the fact that the optical characteristics of

sample solution obeys the Lambert-Beer’s law.

The gradient of calibration curve, according to the law is constant under the same analytical

condition.

In the ordinary analysis, the average gradient of calibration curve, which was obtained with the
empirically and theoretically reliable measures, was defined as the basic gradient, and the straight line
drawn through the origin with the basic gradient was named as the basic calibration curve here.

The average blank value of each day, gained by the analysis of standard samples, was subtracted
from absorbances of test samples and then the contents were read on the basic calibration curve.

By applying this method to the analyses of Si, P, Ni, Mo, W, Ti, Co, and Cu, the daily deviation
of gradient was eliminated and the better analytical precision was obtained.

With a statistical treatment of data on standard samples it was easily capable of checking out the
abnormal point on the daily process of analysis and ascertaining the stability of calibration curve

during a long period.

(Received Aug. 4, 1970)
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point calibration curve method.
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Table 1. Absorbance-content conversion table.
Absorbance range (—logT)
0-181~0-240 0-241~.0-300 0-301~.0-360 0-361~0"420 0:421~0-480 .4
Absorbancel Content Absorbance] Content Absorbancel Content| Absorbance| Content! Absorbancel Content
X 10-3 % x 10-8 % xX10-3 94 xX10-8 94 x10-8 o
181 2:083 241 2:774 301 3:465 |. 361 4-155 421 4-846
182 2-095 242 2:785 302 0 bs DS 0
183 2-106 243 2:797 0
184 2-118 244 ¢
185 2-129 ¢
186 0
!
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Fig. 2. Deviation of gradient by the basic calibration curve method.
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Fig. 3. Comparison of analytical results with different calibration curve methods. (ex. W Std. Sample)

Table 2. Comparison of analytical precision and deviation of "calibration curve with different
calibration method. - '

. e . . . |C i f absorb
Bastlls cc:lahbratlon th(;] %omt calibration dg’r?ap;?orrl]son 3\“}? ict);nzral_;:g
metho metho -sample ¢ *3
Element Method E;?Sgard Average| Std.dev.] Average | Std. dev. (nPa:;O) I(’:;les—:r;tl)
0, 0, [4) 0, 0,
BCOD method a1l 040 0000”l 0oa0?l 0-01371 o :
Cu (JIS-G1219) 0-41 0-40 | 0°007 0-40 0-013 0-0047 0-0071
Hydrogen
Ti eroxide method 0-60 0:58 [ 0-001 - 0°58 0-002 00050 0-0011
| (JIS-G1223)
Direct method
(JIS-G1218) . . . . . .
Mo (sulfuric-phosphoric 0-39 | 0°009 0-39 0-012 0-0060 0-0052
acid)
ibid. . . . . . . .
Mo (perchioric acid) 0-63 0-63 | 0'007 0-64 0-012 0-0083 0-0087
Dimethylglyoxime
Ni method 0-51 0-49 | 0-012 0-49 0-028 0-0084 0-0081
(JIS-G1216)
Molybdenum
P Blue method 0-026 | 0-026 | 0-0004 0-026 0-0012 0-0046 0-0044
(JIS-G1214)
Molybdenum i '
S Blue method 0-54 0-54 | 0-007 0-54 0-012 0-0120 0-0127
(JIS-G1212)
Nitroso-R salt
Co method (JIS-G1222) 4-88 | 0°047 4-91 0.074 0-0083 0-0064
(high. Co) :
ibid. ] . . ] ] .0 .
Co (low Co) 0-58 0-58 | 0-007 0-58 0-008 0-0130 0-0134
Hydrequinon method . . . . . . .
W (J1S-G1220) 1-31 1-31 | 0-002 1-31 0-004 0-0031 0-0031
ibid. . . . . . . . *
W (high. W) 5-80 5-81 | 0-039* 5-75 0-164* 0-0031%** 0-0036*

* As the outer insertion used on calibration, results were largely deviated.
#%  Mean of gradient deviation=[d’]|.
*3 unit: —log7.
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Table 3. Basic calibration curve and precision.

Standard value Basic absorbance x 10-3 Basic BD:s\:c of
Element Method di
gradient (absorbance
NO 1 NO 2 NO 3 Y.l Y2 Ya AXIO".a a xlo_a
% % %
BCOD method . . . .
Cu (JIS-G1219) 0-136 | 0-228 147 247 540-98 2:35
Hydrogen mg| mg
Ti peroxide method 0-100 | 0-200 147 294 1 469-61 246
(JIS-G1223)
Direct method % %
(JIS-G1218) . . . .
Mo (sulfuricphosphoric 0-186 | 0-295 251 398 1349-15 3-00
acid)
ibid. . . . .
Mo (perchloric acid) 0-186 | 0°:295 275 437 1480°51 4-14
Dimethylglyoxime
Ni method 0-151 | 0-°250 200 331 1325-01 4:20
' (JIS-G1216)
Molybdenum )
Blue method 0-0104) 0-0225 51 110 4 895-87 2-30
- (JIS-G1214)
Molybdenum
Blue method . . . .
P (chloro form ex- 0-164 | 0-226 201 277 1226-59 297
traction)
Hydroquinon %
W method 067 1-31 2'15 55 108 178 82-66 1-43
_(JIS-G1220)
Si (Hydrochloric acid) | 0:215 ] 0-430 237 474 1102-10 4-30
Si (Sulfuric acid) 0-225 | 0-390 280 485 1 244-00 5-99
Nitroso-R salt mg mg
Co method (JIS-G1222)| 0-100 | 0-300 180 540 1801-25 650
low (530mg)
ibid. mg mg . .
Al ] _ mg mg mg
(non-metallic | Aluminon method 0-020 | 0040 | 0-060 65 130 194 |3 23830 | 310
inclusion)
Si mg mg mg
(non-metallic %’{"Wbde‘ﬁ“’; 07040 | 0°060°| 0-020| 101 | 152 | 201 |2517-63 1:80
inclusion) ue metno

DI EIBEBWAR AR TIZ Si O LR (>0°16mg/100
m/) Mo DR (<0°10mg/100ml) 75 &icHhbh s k
SWEBENL AL HBREIH 5O TRERBH OB
EEZHRET2LERDHEE LS. Ni gounTiisk
EAREHCRAVWEREIC Cr 25855 574 D005
DO PITRL 5 BIRERRRBEEIPESE Y R RET
RBEERBERLZBEALCIZI L2 2 nwEEL 5.
2:2-4 BESH~OEM

AE T, EEREBOENEGE, HIETRELA
EDOREFOSHFERPSHRDTHEFTCHALT W
5. HILHEOFEERE, EETELRLCRFOLESHE
Table 3 iR L7z,

Inds, FEBAR, EETHXREOEHIC WL, i
DESBEOEPHOF — 2 DERBIC L B TH,

BHLS 57 — 2 BHETECERATE S DELE
RIEENETHFRETH D EZ LN 5.

Tl REDEDX AR FECL2TLRD B L BT
E5. REREERL XS &3 5THROWTEERE
EOEOEHECHEME TS, RBIEERRLERT 5L
HhHhILHETEHDET 5.

(1) BEARO¥LS ELEET 3.

(2) BYESZEAERIZ, BEOHEHERN TR
a5 X5@RT 5.

(3) FERZERFLRVWZ L.
LROBEABKEZRI— BTG L, TOEHREX)
KHET 2HEE (V') %k 5.

Yiiti FHOBEFED j BIEORE

i=l~n BEABOE) j=1~m (HHEE)
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(18R * I HAIBRE (Xi) ZXnThRALT, 5
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FIZESPHCR T 2 EIBOBRE ' LETEBOEE Z;
DE fij ZRD 5. .

Jij=Zi—y ij corerreererenncsnene e (20)

QO K b3kdIz fij O, LLREFLZEZLND
il flij KWOWCEEMRERTTAR S flij BEHSIh
%R, b ELOPREREME Y 2FEHTH. 2FKCR
BEEZBRW-ZOLBREEZ VT, it Rkic(4d)
(15) X1 BHE a 2k, hi XEQE 4, &F
5.

a (BREEZBRCIETRE ¥ij »OROAFTED) =
4 FEHERRED

HHERE, 4, AT, BEOREMRBIEZEMER (x,
%) DT T o800 STHRIETEENE (Y, Yo
Tk, EMERHKELTH. Tk, A (4 T, REA
ZELEMEPERTIE RUERER LK 5.

3. BRERTEORER/ER

3-1 BEEBODAZE

3-1-1 T3 s {EDEE

T O EOEBRCOWTIE, FET I VEERIIT
B EOREC X DTEE LT 5. Table 3
HiEZBWT Y1+ 20 OFHRAZET Grdo¥s
T OEd OBEERECZNTE.) O £IZHER
i EOBRNEOEE LT, REERECIVW LTI,
SHTREERONE, BOWMLERERT L LB TE
5.

3-1.2 BiEHMOER
BEMOARICOWTI, d'(=di—d)) ZBESWEE
E»oRD, FHE (=0 CNET D) LERREE o>
LEFAIRAZFITERLCWS. Fig. 91T Si, W,
Mo, Co iz oWTOEHEERLz. Co iKDW\WTik
43 44 BLIBEMIRRAEZ N B DR EFRLADT,
AELER, REDo v bBELDLAD, REMD
RAENILED DI EBBELNTE 2. LD XS RIEE
VI, REQREZEETILERDDEELLND.
32 HERBRORE

RUEMBIL, REQROLHOEELFET L&
CXVBETHLENTES. RERAUEORCX SR
Bk d'(=d—dp) T X DTCERHFHINTWEDT, LDF
HiE d' w5k 5T i LoT BB REAROER
BIEETES. Thbh, EEQE 4 ORIAZE) 44
PEED (8) KX 2TREINS.

dA=3di [n(x—x5)
1=1

dE—THEC kT, SWHEE GRE, EER
%, BRAME BAEFIERE) CREREEFOLVWT EE
FEDPD L. d'BEBLTVEES (Id'1>05Xx1078 %
KED) SR EERR VLS ERFEL, XS
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Table 4. Verification of basic calibration curve (1967, 11~1968, 7).
F-Test| to-Test| 5 % . )
Element Method n (0-05%) (00,05%) d =;2;§1'/n Notice
. Hydroquinon . X 10-3
w method (JIS-G1220) 41 1-38 | 0-298 —0'12
(low)
ibid. . . . Worse analytical precision
w (high) 74 2-31* | 0-372 +0-15 than last time
BCOD method . . . Significant but impossible
Cu (JIS-G1219) 105 | 086 | 2193 | +0°43 | B et T1<0-5x 10-3
Molybdenum
P Blue method 178 104 | 1-289 —-0-33
| (JIS-G1214) (low)
Dimethylglyoxime
Ni method 82 1-38 | 0-703 —0-44
 (JIS-G1216)
Hydrogen peroxide
T 80 0-18 | 0073 +0-003
(JIS-G1223)
. Sulfuric acid ] ] . Not significant in spite of
Si (JIS-G1212) 51 1-80 | 1-302 +0-78** T>0'5x10-8
Mo | Sulfuric-phosphoric acid | 194 | 0.85 | 2:965% |  +0-94%% Corrected
(JIS-G1218)
Perchloric acid ) . _n-
Mo (JIS-G1218) 18 0-79 | 0-059 0-05

*  Significant.

** Large variation of gradient.

Table 5. Variation of gradient deviation with calibration curve (absorbance).
Standard dev. —logTx10-38
Element Method (only remarks)
1967. 3~.8 1967.9~1968.3
w <139, 2-15 2:54
w >1'39 2-62 3-01
Mo Sulfuric-phosphoric acid 6-90 4:62
Mo* Perchloric acid 6-45 1-97
P Molybdenum Blue method 4-36 3-32
Cu BCOD method 4-31 1-96
Ti Hydrogen peroxide method 2-33 0-42
Si Sulfuric acid 8-23 3:50
Si* Hydrochloric acid 7-77 5-90
Ni Dimethylglyoxime method 6-00 5-36

* Not reliable because of less data.

BREEQLELZKRITT 5.

EEQR R EIT 535413, BIEMEO & won],
RERNTMBEEROT — & L5, THE0XORE
ke SEEHEEIC X O CEEDO A E R BE Lict, BIE
Ex BT 5.

Bl 42 4 11 B~43 4£ 7 B C A L3k

REROEHOMERH R & Table 4 iR 7.

(1) Wigonwall, FREIX VEAEDOETHKE
{IEDTETWBZ LBRPELRIIC D, ThiZ, &
BORBFCRRTHLELLNS.

(2) Cu gonTls, d TEXDDLEBEIhE
B, ZEHOREEABREDHREAT 0°5x10-8 LITFD
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FoDTEIEE L.

(4) Mo(FiiERE) woWwWTiL, 4 =+0:94x10-3
BB, LhBRETIHEREED LHEINIDT, X
#EmE + 1 x10-3 OEBERTTL O/,

3.3 AFEBEBCXIBITEDATVFDEIL

BHEEHDOERSY d ONF Y FTHRT L Table 50
X5 s. WOSNE, B2HogsB¥mELlTwvws
EM ST D7z, WIZDWTE, FHRo X 5 il
ERBICLHHELEXLND.

4, B 18

WIS ERE, 25— b - R—voEhlic ik
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RETER TR, HEHERER, EHIROEZFLZE
AL, BESWCHEALT, 2E0ERIMELN:.
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LR OBMEATIE—ETHBH LM, BESHOT —
% o HRERR E iz,

(2) 75070 BMZEENCHAEYH 0, F—A
DT 5 o {EE, SR O VWTR—ER & 5HERDH
5T LN ST D7,

(3) EERBRBEZBWRERLEEOER, BES
Mo Bt kD - AR ERERO DB L < —FL,

FOBEERSELSICA S E &I, TRICEOTIE

AER LR K oS AR £ C, SE L CER

HEAZIAATE BT E85br2ok.

(4) EH752E (2EOTS52 2{EOFE) %
AT 5720, RO 2 SMEMETLELT, T
JEEDRRENEDS G 1V 21l d) 75 %/
W — ST ERER A2 FERTIUE, BEMRRRKD DR
ERLL T B,

(5) HUEDEEZERT HD, 2 HREHECLD
ARDEEC XD 5IaRER LT LA TE K.

(6) FHTI ol EEAROEDHEEET S
LIZXDOT, BAOGHAREBERHCRRTHZ LHBT
%5, ERMERLEE LESLMEYEBC LS
TE5.

(7) EE (2)~(6) ODHRBBE 00D, F =
v 2GR EOREP RS T ENTESL X ST D

(8) FREEmFRX 10~15 BT 10~15min BREE
T 5. _

DAY EIES T IC ST 2MREBMRAE, 77 7E
DRI/ T DWTHERD 2 SiREfrke» 2T, Kl
BER, BEAROLIEZRAL—ICORESS b
B, T Shichk BELFERSRKSPVWTIR
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1) JIS-KO 115, B3e3epe 547 sma (1969)
2) FM, w4, il KRS, REEH p. 260
(1968) s#E R
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