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Abstract

Taking the determination of manganese in ferromanganese as an example, the application of the
concept of sensitivity to simplify the procedure of high-content photometric determination introduced:
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1) According to the photometric data used, the “calibration curve” was drawn under strict compli-
ance with the “repeatability measurement conditions to explore its upper limit of absorbance. The
coordinate points of each content and absorbance fell on the same straight line, indicating that the
line connecting the two endpoints could replace the “calibration”, and its equation was the “two-
point formula” in geometry, showing that the principle of photometry was AA = kAC rather than 4 =
kC, and the sensitivity Se = AA/AC; 2) Weigh a standard sample of the test sample and prepare its
“mother liquor”;3) Take the “mother liquor” in the form of “microdrop” and prepare two samples
with absorbance close to but not exceeding the lowest and highest, and carry out the determination;
4) Select the “mother liquor” amount of standard sample under the premise that the highest content
of the sample can be properly covered, and based on this, determine the sample content with the
lowest and highest absorbance; 5) Draw a straight line between the two coordinate points with the
lowest and highest absorbance, which is used as the “determination line” for sample content, and
establish the formula for sample determination according to the equation of the “calibration curve”;
6) Prepare the “mother liquor” of the test sample according to the preparation method of the stand-
ard sample “mother liquor”, and prepare the test sample by dispensing the same volume of “mother
liquor” as the standard sample in the form of “microdrops”, and carry out the measurement. Deter-
mine its content by “two-standard sample method”. The method is simple, accurate and environ-
mentally friendly. The results of 8 repeated determinations of the same sample had an extreme dif-
ference of 0.4%, an uncertainty Uss of 0.09% (k = 2), and arelative standard deviation RSD of 0.08%
(n=8).
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1. 5|8

MERGH “ REE” Se, 2T FR G (AR LU R B0 &8 A2 BT A3 /IR [ 1] & —
SE TR RABE , W FL R A H R AN L B L0, P DR G ERIORT FL b, B e 07 ik
IR ST 3 HCHL SR ARE foe K IRV R AR D I S G AR DE BEVA I I B, JeBEVAI RBUE, #i2
LR FEAB I AR JEE f K AR 25 He fie /IME 2 72 A4 BR UL & B2 22 AC, Bl Se=AA/AC. T
KHICOREEAE R, AR TARE S, ARG N H I e m & &, T DOICRBR 8 A AR
PR H s K R R . IER BT EHRD 7RSS EMERKFIR. AN FAEE
(I i e 5 ) IR, I 1 MR e JBE A T I 05 MR G BEARL sk A (R ity RV RT P SR 5 R SE Bt R [ 2], A
SR T OB LN E i M A [3]. (R A LR e B & BN E i R i A
DU i RO VRE ' JBE 6 AL T BT 1RO FEABL IS X T 5 R 25 18 L M 5 1) SRR I T i & S A%
HERh L ke, MELAN “RerEf e EERHEm A R A SEbr R, SR T AR AEN VR B ATt
SLACFR[4], e DAMERAON ) R FATHES N » AR08 e i B BRI E @ PR R h, B H 08 <5
BRI Mimd s, 5TEBOCERKMEILE, G 7V EEFHIACRS], HE “RBOR” HlEfEy
TR, AR THE . BRI T RBUEE WAL E, X S m R BARAERE b i 2 4 1 A
e, AR RTINS, R T A, i EREAL 1 R B N R RE . BT DA R A 0 I E
B, fEEN 2
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2. SCIEERSy
2.1. FEUF[FREIXA

EET: 721 B, R E B EACBMCEE R AT s MERE L, MR, R, SER;
IR (AFILL): HNO3:H,0 = 1:4 1 1:8; FHMRERER: 1%/KIEW; ITIRBREA TR S%/KIBR; S25 A
AN R R4t

2.2, LK MH

FERS G FIVE JIF1059.1-2012(LA R FIFR “Hva” yh iy “EHEE MM &% [6].

TR R N Hl B VES R EEEERNEET, BUEAATRVCONEIE -
IREERR I R, HA S “HE” i “ESHNERGT , R LR TIERET
MR RO S S B2 MR R A SR LRI, BT DUE A2 6 B v S R I A 46 1

2.3. SCIGRIE

WRIERBEM S, “SRERI” FEZE ACAZ, HREEICERRE A4, WHREEE Se=A4/AC
HE LR SAF U -

2.4. LAk

24.1. BEBAEE “BIEHL” KAt

ARG R BORL, R 7 HE S ERIE RZ 0.1%~2.0% [7], F AN B HAH B O'E FE (15
XIa. A TAEERERIER “SERH7 , SAWOCREAEEEE KX, (AAE A X, R %
SUETTVE, Il “RerEhe” , RO B R -

B — AAEF— R PR — &R, BB & & 0.1%~2.0% IR ARAERE i 0.2000 g, & T 200 mL 4
TENRF, 0 1:4 PIRSRRIAT 30 mL, IN#GAMEIEE LB M. BT, WAKAEHEER, 7EF—H 100 mL
M, K e, BB AT, A NSRRI “BER” cm A — AHFE— R 10mL ZIERBHRERI “BEE” 10
mL, BT 200mL #EBMEH . HFE-— AHFE—H SmL ZIEBEE, SAMAREERERER SRR
% 5 mL. 7E 80°C~100°C/AKIEHFEN I 40 so HUH, W/AKAEE=R . HIE— ALE 30 min i, LAIKAE
Z, HFE—R 2 em WAL, 78 530nm &l E MnO, RIEE . Wl5E 85 R 5 T5E 1.

Table 1. Absorbance value range of permanganate photometry at 530 nm

% 1. BEMLEAE 530 nm QAR EKIE

AR (%) 0.19 0.48 0.60 0.96 1.40 1.78 2.02

e 0.230 0.475 0.550 0.870 1.240 1.580 1.750

S 2% B v A R O P VR BB FE AR X 1) 0.100~1.750 (BN 0.10%IbRUERE h,  FLOEE R
RELL “ReHErhZe” 1E2 & 0.10%0 7 HE1H 0.100).

MRPETE | B HI BN “RHEdZ” .

M T AR, TR RAME SRR A0 < 4 < 2), TEHAEIIXIE], B A S AL bR s(C, A)HVETE R —
% “RdbdhZe” b, BRI NG R0 AR KR gLk, BDRT B CRMERMLR” , TENRERSER “DEL”
HRER U= “Pmal”
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A

(AX_A[)/(AII_AI):(CX_CI)/(CH_CI) (1
P FITEBA( 4, - 4,):
(AX_AI):(AH_Al)(CX_CI)/(CH_CI) 2)
METTRL (A4, - 4)/(Cy—Cy) /& “RAERZ” MRl kA, — A4 RHBOCER SRR A4, C-C,
R IEYRE BN SUEE AC, FTLAQ) T &b
A =kAC 3)
[F I 3 AT 3 O & & U A 3
Cx :|:(AX_AI)(CII_CI)/(AII_AI)]_I_CI “)
KGR “LEMOCEEIEA, WAL & A4 ELE T HEEMSEE AC: AAd=kAC” . &
IRy A FO A" , R IE R G SERR 5 R E AR IR AR : AAd=kAC 5 4=kC #
WAE, BNAd=A4, -4, #A+ AC=Cy-C, #C

2.0

C(%)

Figure 1. Calibration curve of Mn

B 1. R “RUERRZ”

by b, ELERE DR TE DD TEE A, ARMDOLEEAR “RHEZ” HA SR BIRIR
mlo FLZPTUFRN R, BBV REALRER L fE b, oy Ve K EEVEIE R
B Je AT (TR AT LA 2 R 45 R [8]-[12] -

PG L™ FAR(GHE A FIPIAPRERES . FT DR EAIS00 “ PAREERE Rl i .

RS E Y 60%~96%, AT NI E, 8 AUE AR & ROE AL T 0.100~1.750 2 [A],
Bie UL L B FE ot 2 B IE B 0.55~0.87 [ IX A . MR R R BUE I E X, % R AR 8K
Se =(1.750-0.230)/(2.02%—0.19%) = 1.52/1.83% = 0.83% . KU 5 1.0 WIGEEAH R4 & 8 1.0/0.83%
=1.20%.

F T B T AR E OB B (R B B0 722, 721 RGBT RO R B 1R 2220 940.005, " 454k
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RRE

R PP ATIN E 25 SR BN A B R 22 9£0.005(1.2%) = £0.6%, 1M Akt o B E 1 SOV 25 A =40.45%. 1]
UL, B R E B O VRR S R, MR B OGS 0.55~0.87 X IA] Y REBUE .

2.4.2. SEEAOERER ‘B BIE

PRIV & 1 75.48% AR ERARIERE i 0.2000 g (FREEV/IMEEIRZR KR! ), BT 200mL #EEMEH, M
iR, ThR % 10 mL. MPVEMS, FINEERR 10 mL, MAEEM, HLEHm, B, fKAHE=s
e 7E200 mL &P INAER, #B5, (ERAHFRERS “BER” .

243. B ERYIAREERTIE

NOREERER “ &8RRG PIWOGE, BEEE 5 A T IERO BRI IX ], B “fui ™ 77 o BUhs
HERESD BRI TR FE IR AT (E AN R ) B AR R 5t e TR O FE PRI PR /N A i, B ERAE T R

¢ 2mL WEERE R 7 SRk, Rk LRARERE S BT o R R ESLRTIRES
T, UAArEE 7 A RN BB 10, 10 mL ZIERSIE, I 1:4 RSERIAT 10mL, FH S
mL ZIEERSIRE, 2ol i) A IS R ARV W . I BRI % SmL. 7E 80°C~100°C 7K1, #E3hN
Bl min, B, WKAAE=R. £ 721 D0 B, EEKK 530 nm, BUKIEZH, HFE—H 1 em
Fealll, 7F 30 min P, I MnO, OB, W45 RN 0.310.

AR 2 B B e i 1 3 B SRR FE R, Al T I B R ROR B 1.75 BORES “REVR” &0 100 (0O
FEWRIE 1.75 MARE AL 1.75), JHKER Bk 770, B AR 530 nm FROEEE, @4 RN 1.610.

2.4.4. “FEIREHER” SRSENTE

FEAS TR B i R i & 5 AT S IR d Rk s & B ATER N, IR BOPRHERE i 75.48% (1) “ BRI &
75 W, FELALE9UE, Wi CBEE” 10 AT 100 JEPEE G SRR AR S B Cr=10.06%F1 Ci = 100.64%.
245, HEFEN “PENHRNEZE"

DL “BER” 10 A1 100 5 #5445 £5.(10.06, 0.310)F1(100.64, 1.610)7ELL, 1EmMIEE & B “lE
47, JELLHARKR SO v, MRS S EAR@), FERM SR,

tetun, Ax=1.250, MWH “UEL” EERHAMME Cx = 75.30%, SHRHIE 75.48%%4H % 0.18%,
FFE R PR I E R 2 BRI A K@) iH 5

Cy =[(1.250-0.310)(100.64-10.06)/(1.610-0.310) | +10.06 = [85.15/1.3]+10.06

=[65.50]+10.06 = 75.56(%)

72 0.08%, FFE kPRI IR ZEEOR . RWILL “RAEMMZR” [ “P R0 AR, LR PUARTERE
Al EVER " AT AL R SRR .

2.4.6. IRHERIEERMNIE

IR 2.4.2 FREARHERE S “ B #0715, HISEREENIRRE “ B 200 mL, %08 2.4.3 FbriE
RES BB 73, TECE “BER” 100 (S “PIbsAERESH I EE " IR SR 100.64% “FHE” &—
H, A ELTPARHERE S B2 ), #la B ErER, K 243 FikEA, 78 530 nm L0 E 3
WERE Ax. KR 2.4.5 “PHERAERE I ER” e AN S8 O ME 8 RHT£ 2.

AL Uys = 0.67TR/\n 2], FHIRESH I 555 5 H9(75.48 £ 0.09)% (k= 2). i & FARERII 52 AR VFiR
%A =+045%ERITPER AR ng =n(Uys/A) =04, BUEE | (n FIZREARI AR 8) [13]. R
—RIE EE R, BRI R e ARVEIR E TR, bR R 2 RS R 75.48%0) 8 WRINE 4 R g —
A, 5 HARRE 2 ZE A H+0.45%, oR T8y “BE MR E 07 1 EZ AN G S HORA B«
FRAERE SISV A R AR Sk

, S5ERFRAE 75.48%14H
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Table 2. Determination results of manganese iron samples (%)

2. EmBHERNELER(%)

FRFRAE 8 YRE I E 45 R HiE X W R AN FE Uss RSD

75.28,75.35,75.40, 75.50
75.58, 75.68, 75.50, 75.50

75.48 75.47 0.40 0.09 0.08

3. HR5ITR
3.1. BYFMARE “BREHZ%” BUHAY

TP A AR, R G T IR S R A E IR, T g RO B IR IX A . i LA,
N TN R R B EIR, R A BRI R ™, RI fa] 68 A5 2 L RO6 R H oK AH
R T % RS R AR EIRT E L WL

3.2. tERERFEEHRBNEEASR

EAHRBIRN N HIR B/ 4 = kC RNCFEIE R IERE[14], (HEEAGEH T A A SCER B bR
FEMBIE 25 5 . B, P MARHERE i ANE B . BL Gi=10.06%. A1=0.310 J9b5itE, M An=1.610
AR & Ci=52.25%; LA Cn(100.64%)~ Au(1.610)NF5#E, M 41=0.310 FHR Ci=19.38%; H Civ Cu
PN B UEDN e 40 5 B 75.48%0FE A, BRUE Cr = 10.06% A1 = 0.310, NG Ax = 1.250 FH M 4G & &
Cx N 40.56%; FFLA Cu (100.64%) Au (1.610)AF5#E, WIRIGE Ax = 1.250 M52 Cx A 78.14%,
G SLR S AL . HAKIE CPRARERE SRR, BRI e RAR, sURRAHA
AIt5, #RERAHAME R, X B WFELERY: 1) A4=kC5 A4 =kAC BIRAAIF, Ad#A4, AC#C;
2) AA = kAC TFE 6 FEIESE R, T bR B 4 = kC P2 H T 26 BV 5B o

33. §1 “SERY BEESRARYE

REFACEEEI T, WS “Rueths” , #e S EN e, (AHEbRRAN “S8ERH7 ,
AR AP FTLL, SEFRRFER) “E =RV HA 5 BRI R, SRR R BT
hE. HLhn, TEARRR G AR E VRO AR IO 0.10~1.75, BREE R E REUE Se = 0.83/%. fEHHG—
MR R 0.60% bR HERE S AT, IR 0.4%~1.0% “SRARV” M RKRESE, RT3k 5.

%8 2.4.1 J7i%, FELES & 0.60%01) 0.2000 g FEanil ik 20 mL “BRE” , HFE—A 10 mL ZIEERRE,
FEEL “BER” 1 mL BT 200 mL 4EIE+, FINA 1:8 FERIAR 9 mL (AR5 2.4.1 AruERESY “RREI” 10
mL A ). FARE—R 5 mL ZIERRE 5 BRI EVAS S mL. 7E 80°C~100°C/K i
HRESIINE 40 s, HUH, KA AR ER. 75 30min B, DUKIES, HFE—H 2em L, 7E 530 nm &b
M5E MnO;, IEPE, 25043 4= 0300 DLHONHE, (5THRCREEEIT A 1.75 1 “BRER” =299 6 mL, BT
PLFHH A — 10 mL ZIERWCE, BB “BBE” 6 mL BT 200 mL 4B, A 1:8 RSFRIEW 4 mL. 7
PLER 7 I5E 530 nm WG, 75 An=1.62 (CIEITHRAME 1.75). FEMT “BRE” 6 mL (& Bl th
MR CEERY BoEm AR 1L0%MAM T, JEEARHE S R 0.60%H “BRE” v 3 mL, FELUONHE,
E BRI 1 mL A6 mL 51 MES B0 502 Cr = 0.20%. Ci = 1.20%. 1534 & 5 Rk R 8 X 7)(0.20,
0.30)~(1.20, 1.62). H REUE Se=(1.62-0.30)/(1.20%—0.20%) = 1.32/1.00% =1.32% , i Jit R B LA
0.83/%.

3.4. REENEEROHEIREREARE R HEH
FRHARYECRISE W7 5E 6 BEVE I E 45 A X R 2 AC/C =0.4343AT/T1gT [14]. SEB5 F, ™
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RRE

Wesy CESMNEXMT , FRE p FEAT EANIRE a8, o RERER, H
“KFEAR(n—w0)” BMIESHAE[15], B “KFER” S48 X &5 p EATREAWZE R I9F 0, &I
TEHEL )55 3 SR PR A T L 0.5 R PI(IE 2)e T “/IREAR” KT o MM X' AbAE o A5 DN BE /N
B eR A(15] 3)e /INT e BOBIME X' RAE o 22 MBE B KA I eR A(FIE ). T UL, eR BhAE “/MEEAR” )
KERZE . ML 2 AI %I eR fHTE 0.5R~R Z[0], 75K . EHYE GB/T4883-2008 [16]MIEAFEA L #
IR, SRA “HT4987 , TERE “OPFEAR” S F, FHEH(X TeR )HIAS T BE
MR, RARGTHIE eR=0.65Ro I “/NPEA” JI5E 45 OO X' ) MIRRIR 2 RFEAWZE R 3L
HAGN 0.65 R 7 2 B ILHRE i 75.48%010 8 Y F AL 32 45 R HUAR G 5 22 AC/ X' = 0.65%0.40/75.47 = 0.3% ,
I X' =75.47% HIEHER T=0.16 ZL KR

|<— 0.5R —»]<— 0.5R —>|
X

| |

Xmin p Xmax

Figure 2. Large sample normal distribution

B 2. REKESSH

R

’

-
Y

T
I

X X

min ‘max

=

Figure 3. Small samples and their mean distribution

B 3. IERREED
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i

W2 R = 0.40%, AMYFRIIHE 8 MMASE M M2 B Z T AS KT 0.40%. FEATR ZA2 KT 0.65R
=0.26% NHESE Uys = 0.67R/\n = 0.09% #5525 5 9(75.47+0.09)% (k=2), 1 ELIHh AL FH I 5E 7
WE%AMMQWM%ﬁ%ﬁiazd%JMZQQ(m%ﬁn,WR%M%éﬁﬁ%,ﬁ%%Wﬂ%
FERVFREER, /5 T HEAESSN TR,

3.5. “FRERENEL" AR EREREERE

BHEWHEFEM RS, fEE8 “PIFRHENEIE” MR, S2br b, BAR PRl ek
FIPEANPRAERE S, JE MR “ReMERRZR ™ LT BT 1 o (HAE SRR A A, B s i RE I “ Rivs”
I CESMNESM” , HAKX@GOFW G Cu A —EdER “SERY Wunm MRS, B
ITmr DA AL B RE B AR R I AR i o BT DA B — N BRAERE S, AT R 20 AR — b e “ BF
W W5, BRI . B, U —MESE 75.48%MnHERE , THENEA S EL 50%~65%K
FE, AIHfE “BRR” 70 N Cu = 75.48%, N 46 HEIAHZAT G = 49.60%. HEMIBI X &=L
50%~65%IRAFE LM E ;. 17 B4R B 80%~96% KIRAFE LM, T LL 75.48% “BEE” N 60 1% C
=75.48%, 80 FEIFH 2T Cu=100.64%, KHZHNFRERES, VEREEN 2 PN PRAERE i, B R
s 80%~96% M RFESLHEM € « M B REE “BER” W& TEAHE, #5% 3 MREER(EGE
75.48%) A
36 “ROE AMEAREARARSA

R B ” Akt e, (HSCBRir, s e o “EEmNELAMT N, K
HRUZN 0.1 mL)rIE N R — I 2 R 48 14 AR A S [17] [18]6
4. B

1) JPRESE “RE” B CEEMNEZL” , XN TORERENS, FralEZE. FOVE R IR IESE
M AR 2 IR T — 3 AN E 45 58 R IR E S HA 2 () ME— ¢ R I G, Tl E R
T BEE P B A 5

2) JCEEER R RBIERIN A, R TOLEE R i b — DR BRI 4 3, B, RiG. £
Re, BATZ MY ERE . ST E N BE T, SSTOREE A R R A, B B
FEVESEBR, eI HA ARG T OCESE R S AR R, R 51 AN SRR DG

3) ACULRBEE RIS, Wi T aE AR d, 7 T ERIE, PR TR, BRI
FRA SO IR 5 Gy, AR T S G BEVERIHET RO 5

4) SCEAEM], E. W BRAEE R MRS, R AT DRI E R G E AR
Ao BAMRIE T i R BE A St RO P AT 1 NIRO PR B fe s X TR), T HLse il 7 “ i &R 817w LARE
AR A, OB 7 E . B NEEREE . MR AR ZE, $RE T OGREEIE R B AR
FOREEM:

5) ARAERESL CRER ERNEFENCONEE, EHEREE R KN RBEEAR RN EREN, wE
BIDIROCEE S R B, BRTA IR a5 i i s S BT
SEEk
[1]  JIF1001-2011 3@ AT EARE K& X[S]. b5t FE 2 R BRI a5, 2011,

[2] R=FELE, . SOCEERLASHHARI]. 20t 28t E, 2019, 9(2): 132-138.
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