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Studies on the indirect determination of amino
acids by atomic absorption spectrophotometry
(2). Yoshinori Kipanr*, Shizuo Uno** and Kenji
Inagakr* (*Faculty of Pharmaceutical Sciences,
Nagoya City University, 3-1, Tanabe-dori, Mizuho-
ku, Nagoya-shi, Aichi; **Sanwa Kagaku Kenkyusho
Co., Ltd., 1212, Gejo-cho, Kasugai-shi, Aichi)

Schiff’s base-Cu(II) chelates of acidic and basic
amino acids are little extractable with MIBK even
in the presence of bathophenanthroline (bathophen)
in alkali, while they are well extracted in acidic
media. The separation and determination of a mix-
ture of L-methionine and r-histidine by atomic ab-
sorption spectrophotometry were done. One ml each
of 4.0x (10-5~10-4)M aqueous L-methionine and
aqueous L-histidine solution, 30 ul of salicylaldehyde,
1.0 ml of 2.0x10-3 M aqueous cupric acetate solution
and 7.0 ml of boric acid buffer solution of pH 10.0
were taken into a 30 ml centrifuge tube and mixed.
After standing for 5 minutes, the mixture was shaken
twice with 10.0m] of chloroform for 10 minutes and
centrifuged for 5 minutes. Then, 7.0ml of upper
aqueous phase was transfered to a 30 ml centrifuge tube.
To this was added 10.0ml of 1.0x10-4 M bathophen-
MIBK solution. Being shaken well for 5 minutes, it
was centrifuged for 5 minutes. The copper amount
in the organic phase were determined by atomic
absorption spectrophotometry, relative to a reagent
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blank (Determination of vL-methionine). Another
5.0 ml of the upper aqueous phase was transfered to
a 30ml centrifuge tube and was adjusted at pH 4.5
by adding 0.5 M aqueous acetic acid solution. To
this was added 10.0ml of 1.0x10-4M bathophen
MIBK solution. After being shaken well for 5
minutes, the mixture was centrifuged for 5 minutes.
The copper amount in organic phase were determined
by atomic absorption spectrophotometry, relative to a
reagent blank (Determination of L-histidine). The
pH optima of L-methionine and wL-histidine were
found to be 10.0 and 4.5, respectively. There were
linear relationships between the absorbance and the
concentration in the range of (3.0~30.0)pg/ml of L-
methionine and (3.1~31.0)pg/ml of rL-histidine. The
recovery test was favourable. Deviations for L-
methionine and vr-histidine were determined to be
0.84 and 0.84, and coeflicients of variation were 1.869;
and 2.299;, respectively (Table 1).
(Received Aug. 24, 1976)
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Fig. 1 Sectional view of the burner

@O Slot for oxygen (0.9mm widthx10mm long);
@ Slot for air-acetylcne (0.4 mm width x 80 mm long) ;
® Oxygen inlet; @ Circulating for keeping the
chamber at room temperature; ® Acetylene inlet;
® Air inlet; @ Sample solution; Cooling water
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KHEOULIEDIESmm & L, Ry —vikKiIfTHd, i
R 100 7 v 2 — R FAV, IBRER/C— % bEL
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3.2 BEBRICEDIRAOHEHBRERUMIEE

DDTC iz X 580 ti: pH 5.0 TH o ohiva,
migfbRFEIC 100% mixh 59, ofhoEgico&
gAoHhH % pH 5.0 TR L7z Tiobb SEHEREK

L 7.
‘T'able 1  Working conditions for copper extracted with DDTC and various solvents
Solvent
Benzene- Toluene- Chloroform-carbon Water
cyclohexane Hexane xylene MIBK tetrachloride (aq. soln.)

Acetylene flow rate (I/min) 1.75 1.50 2.00 2.00 2.50 2.50
Air flow rate (1/min) 13 13 13 13 13 13
Oxvgen flow rate (1/min) 5 5 5 2 1 —
Position of burner (mm) 7 7 7 7 7 7
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2ml 2 LYk ml, DDTC &k | ml ROVEEFIAN
10ml 2%, ZhZ&FEEG 10 ml 2 BRI,
25k E S5 LSRa sl BES 5. ATHEZ R LakAR
w DDTC ik 1 ml & O#{bjR % iz 10 ml
Z, 2 SyHHRE S LT /KMIZ BB L7z SRA T Licts
Table | OFMHT A% ER L FHEIELE T X 5 HH=
BRD. TORR o~ 0X 98%, Tofthix
99% DI EDHIHEREZR L. Wic ZEgic #iH U728
DOPEE%R Table 1| OZ&H 1w X v #lE L. BERE
Table 2 jz773. Table 2 X b £yAM T OREE VKA
WZHARANZFHTCH22UEE, vooAFdL T 1245,
XX TH 10 £, Yook VATHOETH 7.
B IAF Y8 HD X< 0.008pg/ml/1% THD,
ER|Fv— X b S/N=2 Tskdiz BRHIEFIZ 0.001
pg/ml Th 57z,

—%, EB#EN—F— (Roy ME 0.5mmX¥HKE
100mm) 2 X357 A8—HF —75 LTO KERFBHERE
FixskigwE< 0.13pg/ml/19, Kot 0.02 pg/ml, MIBK

Table 2 Sensitivities and detection
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TIx 0.022pg/ml/1% K0U° 0.003 pg/ml T D i
~F—X DD UBENMEETR Lcds, Zhiud/N—F — 0
HRIZLAHBDOT L— A~NDEEBEOBNCE LD
LEZLND.

ZD X STAHRAIEN~F — RO N—F - THAE
NHBEC L FRHTE S LFEMHD, (EEDN—F—TlX
AR RS B TE, £0L &0 RERUKR
HIRF ¥ LoD HGEZIRE 1RO FEN—F— &
MIBK (2 f8% & 45570

3.3 mFENE,
SBAEE(L
BMREE, 7eF LVUREBERUY N~ F—AEBOZELIC
X BEHEOE(LERT L. HBREEBEHEIC Fig. 2~
4iTT.

AR R OMENT 5 LB E I ABH L ET T 5@
medHsd. Lrl, N—F—0fLCEE mm L5
TWeXHE 2mm Z &5 EREE I BEREOHM &

Z7EFLOHE, N—F—{IBICK

limits of copper in various solvents

Solvent
B Tol Xyl Cyclohexane Hexane MIBK  Chloroform ,  Carbon Water
e€nzene oluene ylene yclohéexane €. tetrachloride (aq. soln.)
Sensitivity (pg/ml/1%) 0.017 0.034 0.045 0.014 0.008  0.028 (0.022) 0.029 0.032 0.17 (0.13)
Detection limit (pg/ml) 0.002 0.004 0.007 0.002 0.001  0.004 (0.003)  0.004 0.004 0.02 (0.02)

The values in parentheses mean the sensitivities and detection limits with a standard one slot (0.5 mm width X 100 mm long) burner.
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Oxygen flow rate, 1/min
Air flow rate : 13 1/min
Acetylene flow rate : 2 I/min

Position of burner : 7 mm Position of

Acetylene flow rate, 1/min

Air flow rate : 13 I/min
Oxygen flow rate : 5 1/min

Position of burner, mm
Air flow rate : 13 I/min
Acetylene flow rate : 21/(niu

burner : 7 mm Oxygen flow rate : 5 1/min

Fig. 2 Effects of oxygen flow rate, acetylene flow rate and position of burner on the atomic

absorption of copper

Solvent used : O benzene, @ toluene, X xylene; Diameter of the iris; —— 5mm, -- -- 2mm; Concen-

tration of copper : 0.5 ppm in benzene and 2ppm in the others
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Oxygen flow rate, l/min Acetylene flow rate, l/min Position of burner, mm
Acctylene flow rate : 1.75 1/min Oxygen flow rate : 51/min Air flow rate : 13 1/min
I:Air flow rate : 13 1/min [Air flow rate : 13 |/min Acetylene flow rate: 1.5 1/min (hexane)
Position of burner : 7mm Position of burner : 7 mm or 1.751/min (cyclohexane)
Oxygen flw rate : 5 1|/min

Fig. 3 Effects of oxygen flow rate, acetylene flow rate and position of burner on the atomic
absorption of copper

Solvent used : O hexane, @ cyclohexane; Concentration of copper:0.2ppm in hexane and 0.5ppm in
cyclohexane
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Oxygen flow rate, !/min Acetylene flow rate, 1/min Position of burner, mm

Acetylene flow rate : 2.5 1/min Oxygen flow rate : | I/min Acetylene flow rate : 2.5 I/min

[1\i1' flow rate : 13 1/min ’ Air flow rate : 131/min |:Air flow rate : 13 1/min
Position of burner : 7 mm Position of burner : 7 mm Oxygen flow rate : | min

Fig. 4 Effects of oxygen flow rate, acetylene flow rate and position of burner on the atomic
absorption of copper

Solvent used : % chloroform, @ carbon tetrachloride; Diameter of the iris : —— 5mm, - - - - 2mm; Concen-
tration of copper 2 ppm
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ILRF TR ZRTS, (boBETRAKRE
LIz R 5hn v,

34 T L—LICRIFTHERLBOEE
BIEEEL HRAT 58RI 7 L— LA OIKFEDS TEE 7 R
Lics., REB LR LT L— sDWREEROWRRE & DR
BENCEUREV I anFH 0oV TRE L.
£l Table 1 &Mz X V7V, XA 2 EdITiiE:
3 AN, HE% (3.40~3.95)1/min, T 5% (2.22
~4.03)ml/min OHFFTEILIYE, 7L —sDIRE
Bl #E% Fig.d WxRd.
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Aspirated volume, ml/min
Iig. 5 Effect of aspirated volume of organic

solvent on the atomic absorption of copper
and the state of flame

(a) Red flame;  (b) White flame;  (c) Blue flame;
—X-— Benzene; —@— Cyclohexane; < The
region of the state of flame

W EEDEIMT 5 EBOEE DA T B, €T
(R 152449 3.50 ml/min % E 2B & BT L A
BBELLD. VI anFHr RUFOMOIELE TIIR
LEOMKIC X WV FRET L— AT SET 528, ek
RIREV 7n v,

4 TLISEDORDOER

BEHEEBEYAVC T VI A& 2ERhOROERY
To7z FER% Table 3 iz '
WA B (0.5~1.0)g 230 x 5 LIERE (1+
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1) (10~30)ml THpfit L, IFicwifs (1+1) 2ml &)
ZCHELT ST D, HREY e v PRI D £ TR
L, BAEEBKEMZTHEML, 100ml Ox275 20
CBLANTERLTS. (0.002~0.02) mg D% 7
XS AL, sz TrrE=os (20w/vey)
5ml #imx, 7o®=7 (1+1) © pH 95+ L, ¥
#adk (pH 5.0) 5ml 2jnx, W=RZH 0ml L7
5. ZHBEREI0ml 2 ERECNA T2 HRiRE S5 L,
AT TS (WEIIGU BOSHT 5). BHEM
PEFELCEEELZHAIZEL, BERE DADRE LR
5. MR EHBRETVWEIET .

5 % %

A LA AR OREE I 3510 5T 2 Ritt
5%, BERY obkic X v R LR, o7 L—
ANDBENERE, BTHRELR EEZRIEL, HNTOLE RUHH
IR A k7. Table 4 i RETRY. /2L, &IA
BROREEFEIERFORTMEE ke, X, M
EBEEIT Table 1 iz Xk - 72.

Z T MY RE  (relative sensitivity) 77 VRISREE
EHATEER (&) 7 - s A S R (ml)
DHTHY, T=A+BX L LTRERLZLDDTDHHD.
7272 L AVIKIBIR OABXIBECTH D, B I BEIRAREL
(enhancement factor) THEHED HiSEZRL, 7L—A
thc oA Tl KA FR DR R b B WIT IR FEIL ST O1E
BEH#AITE 5. X, XBEHhoRE -y 2K
+.

Table 4 X 0 BRI DA & S LK, v o @
ANFY, Zuokibh, NFH, N t¥, MIBK,
frvzr, FULCOEERSTWS. T Ly, bV
TR T7 L— ADRERRE— L - TRD, TOk®
NS VR R R T b0 EBbNS. ¥ Ly, b
RO MIBK DS RITHERAR O/ S VT &0
SLECREDO 7 L—a~OFERICIBEFZEZLND.
ywokovs, PRLREE KE L BEEKREZ RL
28, ZhIEN—F —fIEI X ZBOE ORI LA
ZEbEB L, — ORI D DIEHETIXERFR ORI
X7 r—2apBXYERE R VIRES T OZELI AT

Table 3 Determination of copper in aluminum alloys

Solvent
Sample Cu content N Carbon
(% Benzene Toluene Xylene Cyclohexane Hexane MIBK Chloroform tetrai::hlor;ide
A 0.002 0.0016 0.0014 0.0017 0.0015 0.0015 0.0016 0.0017 0.0015
B 0.004 0.0034 0.0035 0.0040 0.0035 0.0035 0.0035 0.0037 0.0035

Sample A : JIS H 5202 AC7A; Sample B : JIS H 2102
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Table 4 Relative sensitivity and enhancement factor of various solvents for the
determination of copper
Solvent
Carb Water
Benzene Toluene Xylenc Cyclohexane Hexane MIBK Chloroform tclrazrhlto)‘rlide (aq. asoclrt-x.)
Aspirated volume (ml/min) 3.38 3.25 3.46 2.83 5.82 3.71 2.98 1.98 2.69
Atomized percent (%) 5.27 13.08 13.14 0.68 4.55 6.68 2.04 1.03 5.88
Amount of sprayed volume g 7g 0.4251 0.4546 0.0192 0.2648 0.2478 0.0607 0.0204 0.1582
reached flame (ml/min)
Scale reading (%) 28.8 14.6 11.0 36.5 61.0 17.0 18.2 15.45 2.95
. - 161.68 34.40 24.19 1901.4 230.36 68.61 298.56 755.51 18.64
Relative sensitivity (18.02) (18.02) (18.02) (18.02) (18.02) (18.02) (18.02) (18.02) :
Enhancement factor 1.77 0.21 0.08 28.20 4.70 0.51 18.08 58.80 -

Measurements made on 0.5 ppm solution of copper the values in parentheses mean relative sensitivity of aqueous solution under the

same condition,
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Determination of copper by atomic absorption
spectrophotometry using an oxygen-sandwiched
air-acetylene flame. Takatoshi Kono (Industrial
Research Institute of Iwate, Tsushida, Tonan-mura,
Shiwa-gun, Iwate)

In flame atomic absorption spectrophotometry ben-
zene, toluene, xylene, hexane, cyclohexane, chloroform
and carbon tetrachloride are hardly usable as solvents
for extraction because of the appearance of white
flame, the blow-out of flame or unstable burning.

In the present study, a new type of burner was
designed of which the flame is sandwiched with
oxygen. The determination of copper was examined
with it. Sodium diethyldithiocarbamate was added to
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a sample solution of pH 5.0 and copper was extracted
with above solvents. Effect of acetylene-oxygen flow
rate and optimum condition of burner were examined
at air flow rate of 13 1/min. In each case, no ap-
pearance of white flame, blow-out of flame and flash-
back were observed, and the determination was
satisfactory.

When the organic solvents were used, the sensi-
tivity (pg/ml/19%) were 0.034~0.008 and the detection
limits (pg/ml) were 0.004~0.001. Using hexane,
the sensitivity was 0.008 and it was about twenty

KAGAKU Vol. 26 (1977)

times higher than in the case of aqueous solution.
Copper in aluminum alloy was determined with

good results by this procedure.
(Received June 21, 1976)

Keywords
Atomic absorption spectrophotometry

Copper
Oxygen-sandwiched flame
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