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Fig. 2. Schematic diagram of shielded-type hollow
cathode lamp.
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" 2% i " F2g
B gan | ¥ g | ey
Ag 3281 | Hg 2537 | Sb 217.5
Al 309.3 | Ho 4104 | Ru 3499
As 1937 | In 3039 | Sb 2175
Au 2428 | Ir 2640 | Se 391.2
B 2497 | K 7665 | Se 196.0
Ba 5536 | La 5501 | Si 251.6
Be 2349 | Li 6708 | Sm 429.7
Bl 2231 | Lu 3312 | Sn 224.6
Ca 4227 | Mg 2852 | Sr 460.7
cd 2288 | Mn 2795 | Ta 2715
Ce 5206 | Mo 3133 | Tb 432.6
Co 2407 | Na 589.0 | Te 214.3
Cr 3579 | Nb 3344 | T 364.3
Cs 8521 | Nd 4634 | T 276.8
Cu 3247 | Ni 2320 | Tm 3718
Dy 4212 | 0s 2909 | U 351.4
Er 4008 | Os 2909 | v 3184
Eu 4594 | Pb 2833 | w 400.9
Fe 2483 | Pd 2476 | Y 407.7
Ga 2874 | Pr 4951 | Yb 398.8
Gd 3684 | Pt 2659 | Zn 213.8
Ge 2652 | Rb 7800 | Zr 360.1
Hf 3073 | Ru 349.9
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W= HUE €282 gt Huyle aA o] £33
I} FAFFH e Erh 314 welA AlEa
< 2A%eR Fsle PR WEe] £57
(nebulizer) 2] 542 Eoi7lc). od7|dA] AR7]A
2 zdH 7l Al EgE] BE 02 Yl ol
o vl & A BT W 23= o] wir] %
o2 si&sch 2k gRpube] B3 e F Bk F
g Ajggde 10% AE7F 46 o] 45} &
= 3 717 o) FA] FEFA e AlEEY, AR7A,
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Table 2. 3}3t3] £%9] &%

" s Bt o
E ‘% (Cm . SeC‘l) LE‘(b)
r-zag 82 1,925
F7)-okdidal 160 2,300
50% O, 50% N,- o} &2l 640 2,815
A -obA el 1,130 3,060
Abgho] Al Ax-olAl e Al 180 2,955
A4} Aol R 90 3,080
B -FA 320 2,050
A3 B
R
| AbAS] T
A

k L BB

Fig. 3. 3A13-F M.
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slch. B3] 4714 AP ¥ AAFEL F2 £ 2
6]+ air-acetylene burner$} nitrous oxide-acetylene
burner?] head¥ A& ci=2ch "= W7 10cmé]
burner Zol-E AHg3te, Fx& SemE A4Sk,
2 o) § FAL9] burning velocity’}t AR T}h "X
wj2 7] wjEolc}, atebs] nitrous oxide-acetylene
mixtureE air-acetylene burner heads] A}-4-3}H %
el S Ale] slem R b AbILel| F2fsfo} jir)

Graphite furnace AA(GFAA)JAE FHA(Ed
2) & &g, gaw gepiE S AFE §3led
WA= "G o83t YAtstsl= vIEE AAE
B onA, A ulo] AEFRE 2 AR &
g 5 glvk AAF7) 2AE LdTe] 7t e o)
£3ch 2AFE A E 2F 45mm, Aol ¢F 50mme]
I Fodel f F'e FHo] sith o7 A2 gl S
). FAT GE BE FE W] ol 3Uck,
AEE FUR oFF AFE F3hed 100~300T A A
3t} gl & AAA| 7T 500~800CE =HA AFE
Z7MA 3 Este] F71EE AR’ ob5 1500~
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o]21%k GFAAS] AH-L A8} Hgo] Fold] 7t
7 Eod, AR AL
AEE dAe gol ¥4 rpsdicl. uhde) B ¥
Hloll wlsled 714 (interference)o] E-#bsli As}wy,
g AR (1~20uL)E t}FE 8 7)wo] Fasled 4
et E3b Mot o)A eh(Fig. 5).
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Fig. 5. Cross section of a heatted graphite atomizer.

olw AH8-3}7] Aol Al checkslo} & A&,

= inert gas?] gas flow rate} cooling system
Zolc). Inert gas2] flow ratets Al & 72 sensitivity
¢} reproducibilityell A A e g Fedo] gj7] wjito]
o} "l Al = Tl 7171 58 oo i AHE A
systemo] Ho] ¢l 7 Eo] Bt

&} graphite head & installation® wjo] 2 sjo}
% light path alignment+ 7} £8% RRolug
manual guideol] whebr] A &3] 3= o] o],
o] HHo] 2w Hug FMAANE HHE I&
= 85 Aok gch =3 ofZe) window §
] A st o] B4l Soll 2§} light?] scattering
& H 43R mY o} Yot

Graphite tube®] £7F-+ oje] 7147} Q2 B8 A8
27t Al sled L4345 9\1‘4'.

A A Al Fig. beliA] AgEl HAHEL sensi-
tivityel 83 A3 v|xs], FM3laz e
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Fig. 6. Heating cycle for temperture-programmed
furnace,

ture7} TFE B2, optimizationo] A ld] of 5
9] 7|71 HAMEL o]v] o]’ Al E-& ATslR o,
olell Agt ABEL 71719 manuald] FE= o} gle
g #xsbd ¥l 28] atomization Foll &= ¥
- cleaning stepo] leiA Hol = E
cleaning ¥ 2. 2 A e]3}i= 7lo] ¥ Zolc}

ol MEHE 9ok Fa¥ A& A8 F4l5}
el FAolct A8 ohE AW e v n]EkE
#32 & pipertell oA F9]4] F1vl]} error ¥ ¥
M ATl = AA F3E v A= 7o) BEo|rh upzly
Folup ol w2} reproducibility?} @Geix 22, -
Az AlR F])4] 53" tecniqueo] H 28}, w3t
471848 A& F+9A| residual material °] light
pathell 943 FEZ FA|Z HAste o) Fut
(Tuble 3).

E$% heat

3.3 2871

AE BAe BFe R 903 H vapord TES
of sh=dl, o] #}A-& ¥-Fe} A} vaporE WEE W
2] gasE w2 £5X 2 capillary 79 & E3le] 2
o capillary tipell partial vacuume] 3 Ad5]o] g-o)o]
capillary & %3}o] W &eler], wel &2l &9
< gasol) 2|8t aerosole] =lvh. mepsd E5 el
A8 v AL £9] weld e physical
property®] WH3lolr}. o}zl L] FHAH (sur-
face tension)3} viscosity, =% %°]] droplet size
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Tuble 3. Comparison of flame atomization method and flameless atomization method

Flame atomiation method

Flameless atomiation method

1. Principle of atomization Heat of flame

2. Maximum temperature

About 10%
About 1mL
Plateau

3. Atomizing efficiency
4. Sample volume
5. Shape of signal

The signal is stationary whille the
sample solution is being fed to

the burner.

Low

0.5ppb for Cd
20ppb for Al
0.5~1.0% in C.V.

6. Sensitivity detection limit

7. Repeatability under the
optimum conditions

2955 (for N:O-C. H: flame)

Heat of electric current
About 3000C
graphite tube. The gas temperature
in the tube is lower)

Above 90%

5~50uL

Peak

A sharp peak is given as soon as

(Temperature of

the atomizing current is made to
flow.

High

0.002ppb for Cd

1.0ppb for Al

1.5~5% in C.V.

8. Matrix effect Small Large
Aerosol -
Liquid N £ FAgee] 4L gofo] @ Auch o ARHoz
flow == "*"‘ zHA B A A Ajze| o] Eo] BE7A ol ¥

Capillary/ L’ { l"—'—

High pressure
gas flow
(@

—e= (328

=T © (O 0 °0

(b)

O

Fig. 7. {(a) Construction of pneumatic nebulizer and
(b) breakdown of liquid filament into droplets.

o] Alaghel & Q& Frh T2 FFH ol A
g g We BEEAH AR EF7} g 27
A LR ook ek, = AR} FEL ) FeH
xo| golo Ay, Bl kA W ERHAHel &
dxm BHe A%EE AdE 5 gk 7HE 3
AL BE S EUAA Y=E T} s,
ol & AL £uhe) o, whA e} B, Abe] FES =
s Rk,

ERAEES B3 BFEbo] E & v A, o]
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o] A5y WEolc). ERHH S =] AdAE
Ame} BEeels) £o) 24 Yga Bk s
Qe st 271 g9 ERAHo) AP 2
& o} gcH(Fig. 7).

3. 4. A Y 7| (CHAY 81 K] : Monochromator)
A AAE e 2dEhe & FesiAv

A7 & 2AFc) o)A o2 AAd M E ohE e

152 A7 A7) 2, resonance linekt-& F#}s) okl
o Al o2 ofd 1AEe sAES A2 #el4
71717} A, B2 2777 A8 AER AU o)
23 o2 FAES FHAE
gtz shedl, o)) WSt Fa’3 o] =
t}.

ok 5} %] o] B %(resolving power) RS 2F7te)
w3 3ol & zHe A -E Felsls 5H AE
wiic}, o] 739 A2l ulel,

%¥)& resolutiono]

R=1/AA

A7 4 e F ie] FEabgeld, Ave 259 A
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ootk A Al A4 2k}l % 7HA)AD A A A]
o] B35 103~104 ¥ $ o]},

ol2)3t Falgel 8% AL vixE AL WS
471 gratinge] ™, }A] F2 ol AL ruled
grating® holographic grating®) 9l+=uj], £2}7} &3
A-E&-E el Gratingsl] 3 felE ok & 7|7 BA o)
Al Zaslr] wigic

542 (grating) 9] #8)%5-& t}-2-3} o] 7heks] o}
el 9= 9l

ne B Azlpoln N Q17 £31E s Ve B}
Aell olsled AL AW Bo|r)t g 3
Be o AFLE, ey ARG S42 R
o Fr}

s abA o] £8le s Ay EAL
AAste dl o 333 IS ). g8le AR g
o} BtE W7lRE ZHAE E e F e FEart
22 Fof ock 3 slAAtelst A2 A s o
o oz gle)

ol AN HE F £l & o)zt s
of glr}. v dwkx o o) e 2AE 5 9)A)
o] glow, o]7 4] resolution? #A~} gt} %
< &8 resolutiono] Fo1} Weo] ¥3lgo] z o,
W& £382 resolutione G} F3uE W of

o] WA ®cH(Fig. 8).

Entrance
— ] l Slit
) |

—T Diffraction
A Q Grating

Fig. 8. Schematic of a monochromator as used in an
atomic absorption spectrometer.

o

3. 5. Z4%&7|(Detector)

ko2 AAAA AHEEE AEVIE FR SR
(photomultiplier tube : PM tube)3ldl, g4 38} %)
A g el H71E 1A AR bl FE
A7 UAEE 5 Qi)

P Fol ol Fol& WE Sl ¥y AR 0
AA71H, o] FFell Weo] Fom AAE W&
T UE o) AR gl Yo] Mg gL A}
WEEHEE weo] glck gl e AFE FFozy
W&x AxLE shol @71, ©]F dynodest sl A
o F Hstel w2t FFE = A)7)7) Debalch(Fig. 9).

o] 43} Zrol AEl v|7)9] 7 FFq| Ui MY
= Fig. 100] 4] 2} 7},

@ dynode
|

photocathode

incident light
phatocathode
shieid

anode

Fig. 9. Electrode
photomultiplier.

configuration of a typical

.53

4. 1. Standard Calibration

BEFLAL AHEES FBEE 23w Eo §
Fre] A2V E FAFTAL A AR S =
A el N FAEE 25 FATHo 2Ry
54 940 FEE TR 3= olaisix 2
AlE 9 4 94 oot 3L oo Ao
HAFA0] Qoxict. v, Ao AATAo] FaiA)
FE H97F Fo) matrix el & wi: matrix

Journal of the Korean Society of Analyvtical Seiences
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Ebert
Rt Czerney
Turner
o 317 2]
N
i l
t 0.3 t
! = !

Fig. 10. A 2A ] B8 B354 : (a) FHEY A [ (b) ARy A,

matching technique® AH&-8}A vk, matrixd A A3k
kS 24 e}

4. 2. Internal Standard Method

EFEA R A Wi FEYLE F/R o
27 di9 ¥ ZFYAY FFEE F e oA
A FAlo AT o DI FHEHE o] 83}
Aefgict

EEA Bl ¥ TEUALE YAF Hrpsln &4
e FRx(A)et WREE ¥4e] FHE(4)Y
W Ag/ ApE T8} E5 840 SEo} As/ArS B
AE B8t FAHFAE AR AR EAAE W)
B BEAL A FE Viste] FREY] As/ Ar T
st} A FA e 2HE FEE T
W3 2EY e AR FhEo] Al dod, B4
22} she Uaeh FARE 33bd 7Hd e e 24
Ae sk 7o) whehA| st

o S

4. 3. Standard Addition Method

A aA} e 4o BE4AE 07 oSl
23 A58 dHFAL 2 N 3] EHU
olEe] 3o EFENE Y=Y Friget 7z}
o] g g FAEE FAsld, 7lEFHN AR
EFEAL o BL FES, LA ES FAEE

Vol. 6, No. 3, 1993

HalL 7h2Ee) w2 079 Aejzy
B A8 52 34 dadl A FEE Fc) o] uhy
22% A HAATAL A HAL nped F450)
e Al w2 E ol (Fig. 11).

(a) BHFUY

Fig. 11. 3538 7M.
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5. Interference

YAEFH el = F 712 Pl o] wheio) gloh 2HE
#u}sf (spectral interference)t= s} 3}3tEo] {5
w7} B Al 7hrte] gAY A ksl ¢
stod Fel7l ErFsd A Sl Azt ety vl
(chemical interference)= f1A}3}l3}A ol 2 B E 2]
o] ofe] 7}x| B} WEE W3 o] A F E4o)
#3}5}7] o Fof] P20x)

5. 1. Spectral Interference

F2 BgAdA B9 YA 9§ W A
o Folt A7), el g ol Abe WA EAS
s Fhsted o Qe AAshe Py
buffer 5-& A}-4-3), ¥ Background correction
S she Zol uhgsich dHez AssE
58 FolA 7EAE

HE A3 two line correction

radiation

background correction
gt B
method, Deuterium lamp2} chopper& A}-8-3le] 1.
#) 8] -+ continium source correction method, 2}7)
A& Ao ate] dix] #e)E 9o d= Zeeman
A3E o]83l Zeeman correction method, 1271
source®} H-FHI-E Tl A Uofrii= self-absorption
£ o] &3}4= Smith-Hieftje method %-o] ¢lt}.

5. 2. Chemical Interference

ofol- ol 21t Wl 2 Ale] EAsldAMe= B
o4} Mge] MgO= = o] Mg A3 gle] 7= & o7}
sled, o] 2% whale] 92 Ca signalo)
80,2+t POy Eall 8ol A FHAg

olzi gt #3tal M E ol WMo 2E W EA

s A2 Whgsle] BB ab sk g 2
£ releasing agent& AM8-8h= 7 F4EAs} A
g HES gAste] B4 EHS BEslE protec-
tive agent”} gt} releasing agent®] o 24 Mg A
2FA] Sr £+ Lag 9+ A3 protective agent o) o 2
4] EDTAY} 8-Hydroxyquinoline& Cai} Mg # g4
AH4-8He -9 sleh

6.4 &

ol4kst 7o) WAFS Lol chel Al 7heks] 77|
A3k Aol o o) 4 A shech

4o glold F2F AL BE 22 717101 9l
of BRI Aol E49) 7by F83 factoris 4
ol weby 7H& 7712k GReke BAx} A w
ol ¥4} P71 9 Aaratel a4
A ol web EA Azl 7h4 2% 35S ol A
= AL oldgozH, B FL PAANE A& 5
7} aleh,

#n2d

1. Willard, Meritt & Dean, “Instrumental Methods of
Analysis”.

2. 8. J. Haswell, “Atomic Absorption Spectrometry”,
Elsevier, N.Y., 1991,

3. dEE-AM R, 7)) B 9l

4. D. A. Skoog, “Principles of Instrumental Analysis”,
3rd Ed.

Journal of the Korean Society of Analytical Sciences





