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ABSTRACT. Some iron(IIl)porphyrin complexes were prepared, and identified by the spectroscopic
methads. Elution behavior of iron{IlDporphyrin complexes was investigated by reversed-phase HPLC.
The optimum conditions for the separation of iron(}Ill)porphyrin complexes were examined with respect
to flow rate and mobile phase strength. These complexes were successfully separated on NOVA-PAK
Cis column using methanol/water(95/5) for [T,CF;PP)Fe(R}] and methanol/water (98/2) for [(P)Fe(CeFs)]
as a mobile phase. It was found that these complexes were largely eluted in an acceptable range of
capacity factor value (O<logh’<1). The dependence of the capacity factor (¢') on the volume fraction
of water in the binary mobile phase as well as the dependence of %' on the liquid-liquid extraction
distribution ratio (D) in methanol-water/n-pentadecane extraction system showed a good linearity. It
means that the retention of iron{flIDporphyrin complexes on NOVA-PAK Cy; column is largely due to
the solvophobic effect. Also, there was a good linear dependence of the capacity factor(¢’) on the column
temperature and enthalpy calculated by van’t Hoff plot. From these results, it was confirmed that the
retention mechanism of iron{(IIl)porphyrin complexes in reversed-phase liquid chromatography was inva-
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riant under the condition of various temperature, and the solvophobic binding process exhibited isoequitib-

rium behavior.
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(retention time)°| T, {o+ E3}A]7Hdead time)e]cl}.

{—te
to

k=

BXd] &3, dxgeR F¥8E 250 4
ghed 2 x|AFe] i<l n-pentadecane 10 miE ¥4
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F5A3a10 nm)sl A 2H9)-7A RRFEAR
2219t} o] o § o] £ER A F9 FXuD)
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%7180l &(n; pentadecane)?] AlE FEOIL, Cyy
£ 4o 2(methanol/water)®) A& Fxo|t}

D,- = C,\{wg C M.aq

BE #slol ulE RYAX FH. A8 £
A%% 9934 whjez Fr3sy) At 25
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o, [(T,CF:PP)Fe(R)] 22FEES] B+ 6~30°C
oA 6°C 7tH 22, [(P)Fe(CCs)] HHPE52 3~
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R APy At sl
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A} 2 A7 fl3d S99 28&T 1
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2 270-E 2ABIAE, 2 B3 Table 19 83}
ot AlEe S el=9 £F7) o8 (T,CF,
PP)Fe(R)18 3A33HE 5 [(T,CF:PP)Fe(CeHs)),
[(T,CFsPP)Fe(CsF H) ], [(T,CF:PP)Fe(CeFs)] 323}
porphyrin Aejz2]e] 27} & [(P)Fe(CoFs)] 3
22458 & [(T,CFPP)Fe(CsFs)], [(T,CH:PP)Fe
(CéFs) ], [(TPP)Fe(CeFs)] 3%& Ahg-3hednh ok
22 gejde sEL5T e Fere Ay L8417
of ek FER Age) Feeg 7N
AP SRS 2 HH 4ede 584 S
AN Pest Aok (T,CFPPFe(R)] #2235
9 ZA% FA 347 04mi/ming o 16.74
min°lZ, 1.0 mi/min o 6,76 min°| e}, [(P)Fe
(CeFs)] A2 ASo= [(T,CF,PP)Fe(R)])=}
vt ARE vehle A 42471 04 m!
/min%d of 16.68 minel¢l2 ™, 14 mi/minYd w) 4.74
minelgiel. £ AFdHE FoE R B9el9 9
ol7} 71 ool WkE A§A| ojF-E A|7he)
AEge] 71 P3P ZEHEE Addsieloy,
[(T,CF;PP)Fe(R)] #21¢E2 2% 0.8 m//min,
[(PFe(CsCsl 1D A% LOmi/ming HA 58458
Z2A3RAct A5 4elE AYEr] $jate] A g5l
3 vy & LHHE B {7180 FolA
Ado] thZ CHiCN, THF, CH.,Cl,, CeHs W) F79)
4 A4t vlzagick 4 AR Soj4 )7}
H] 2§k CHCly(e® =0.42), CsHo(e®=0.32)7} 7} % &
Y 7eE epdon BE AYPdA AaEgs
CH.Clol 3o A}83}gic).

E2|¥o| =4 ¥ 22 AZI HE A4 a2
wtE 2 o4 E-e|lxg A 7Y L2
A71e F7H1A S8R 8L ujEs F8
Z4q) 4ekqlzlcapacity factor, #' )& 2 A3l X}
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Tabie 1. Optimum conditions for HPLC operation

Conditions
Descriptions
[(TCFPP)Fe(R)] [(P)Fe(CsFs)]
Column . NOVA-PAK C,s  NOVA-PAK Cy
Mobile phase Methanol/Water ~ Methanol/Water
{95/5) (98/2)
Flow rate 0.8 mé/min L0 mé/min
Injection volume 5 i/ 5ul/
Detection wave- 410 nm 410 nm
length
Chart speed 0.5 cm/min 0.5 cm/min

a2 gejde) 7§ VAR AE o)RE 4
7o) ZojA A Pelxi sAFE Al AR ulE 23 9)
e WY @] vehde Aol A7) o
AAHe 2 Folxo] FA4L falMe gkl
7b HHEY) 0<logh’'<1 r}o]9) gte e 23
3z o] WA, B dpdAde Loy
A7zl ez ulxe e zAlsly, HA &
2l 23u)E 73] $sj] Lejde) 24 W
Bol| M}E ZZolE 28 g Aoy, T A3
Fig. 20} vhehuligde), o] o) A28 gelole ned
=3 89 ol44 EfLvjolct

A3 [(T,CF:PP)Fe(R)] 231359 280t
£ 29 §$oidE 100% bRl Alede g=
L(T.CFsPP)Fe(CsFs)]9} [(T,CF:PP)Fe(CsF H)])
o7t 93 32 M2 33" epygon}
2] gee 234 FUHAel met A3 Ee
=7} F7kskz o) 21elv} methanol/water #]-g-o]
94/6 )37l SI= 2 29 }g FrH)TIw HLelve
FAHA R 252 W @) s Qehmy

F8 AR 10min o322 Frlshks AL B
T Ak 82kl Abr) 0<logh <19 WS nE4)
7l &2{Hde] ZAu)= methanol/water”} 93/7~

96/42] siolck. Tait o -8 AV} F7h, L9e]

B3 84 ¥ 392 Welg P F& zesiy,
methanol/water7} $5/5¢ w7} o] 5 2189 Fejo
7HE A3 Ao geisc) ol9p 22 Aske (P
Fe(CeFs}] A5 Z-EBE|ME s8] Jehpe A
+ Fig. 2614 2 4 ek Sejodof zAlulo) ok
logh'gr-& 29 methanol/watere] 96/4~97/391 4
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1. {(TpCF3PP)Fe(CeFH)}), 2. [(TpCFsPP)Fe(CeFs)], 3. [(TpCFaPP)Fe(Cets)]

Fig, 1. Chromatograms of [(T,CF:PP)Fe(R}] complexes by the variation of mobile phase compositions (Mobile
phase compositions, MeOH/Water; A: 100/0, B: 99/1, C: 98/2, D: 9773, E: 96/4, F: 95/5, G: 94/6, H: 93/7.

I 92/8).

WUk

. . 4 .
J 2 2 2
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1. [(TpCFsPP )Fe(CeFs)], 2. [{TPP)Fe(CeFs)], 3. [{TpCHsPP)Fe(CeFs)]

Fig. 2. Chromatograms of [(P)Fe(CsFs)] complexes by the variation of mobile phase compositions (Mobile phase
compositions, MeOH/Water; A: 100/0, B: 99/1, C: 98/2, D: 97/3, E: 96/4, F: 95/5).

AR logk' @2l W& Vel x gl 22| me-
thanol/water2] ®|7} 97/3 ©|3l7} ==& Eeo} ¥
e Z7pA)7|e Z=otEde] $-¢2]7) s
A7) Alztsbe, Rt} me|E] FAle] sl
S B EE A7F =3 Zrgk) o)eld HE
Fg4Aoz st [(P)Fe(CeFs)] 331E9 &2
ot O0<logk'<1l H4E <7} woh}z|nl metha-
nol/water®] ZAJv)7} 98/29 E¢LlE Sejde

2 AA%HAc. ¢ §e)de] T Au)q| nfa} 2}zte]
iron{liDporphrin *2H4-B-E286] 73 logh’' gt}
Snyder~) 2 28] 13 o2} 82 4)7](eluotropic
strength, £*)& =418l Fig. 3, 44 247} ehyig]
c}. e*2} logk' =2 BA-§ 87 [(T,CF.PP)FeR)1z
[(P)Fe(CeFs)] A23tETol 2% vl2d AAUPE
iR gle AE 4Ag § Uk o9} o)
e*s} logk'e] WAL A9 AAdyeg wH3pe A
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log k'

[(TpCF3PP)Fe(C6F4H)]

-0.204 (Y=0.996) (Y=0.996)

-0.60 T T T T T T T T T
320 30 340 350 36.0 370
Eluotropic Strength(c")

Fig. 3. Relationship between eluotropic strength (¢*)
of mobile phase and logk’ of [(T,CFPP)Fe(R)] com-
plexes.

2.2 8o} o|g9 ¥ siFh]Fe] & Aol
719% AR <S4}

Iron(IDporphyrin 3t&iENES] MY R/ YFHL{SE.
A AN ZechE M FESARYETE B
2l gtel 9lold FeBoA oY mFF v
< AR 5 wgeR F98z g AR
SFAZHE ) R o] T 24 EE EXAT
oto} ARFPAS 2o AHolz, SHE Eal el
A Age] oREe G oM zARE Ho
23 2 Ao FEARLES Felo] Q3
& Fu g 7hA QAEN aiztq Al
Sz k) Sl AT A, SARE)
o} Rxu|ote) BA, LFAHE ) Lxoke] AP
BAZRE jron(IMporphyrin 23322 &
W7 EE T

SNt Rl Tynie] Al A7
o Seu| INCi)7h BEt- o2 Ay 94 HPLC
ol A F4ARYE] v FEE F 7R 49
7%, & A4v]A Aol AL Al 23]
dojdtrw A2 ¢ Aok A o FEFE e
e $3iRRNE ok-d A3 Zel F ohx] ofzt
UZol] o4t 2t7te] sl e] o2 vehd § 9l
1=

E=k'+k' 1)

A7NA k' gl Eajol Sg mIRE) B
AY $YAAIL k'S AUBLR ATl i
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1.40

#
1.00-
(T pCH3PP)Fe(C6FS)]
(Y=0.968)
. 0.60- . +
fc 1 * ’ [(TPP)Fe(C6F5)]
) (¥y=0.928) =
0.20-
+ =
[(TPCE3PPIFE(CEFS))
20y (r=0955)
0.60 -r

a0 ' 340 350
Eluotro pic Strength(e®)

Fig. 4. Relationship between eluotropic strength (£*)
of mobile phase and logh’ of [(P)Fe(C¢Fs)] complexes.

Y53 #PH LFAAo)ck k'L o]HRE &l
Aol &9 FAEEHewo)d AFET DAl
slgol olv] AR & k'S AR} A
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Fig. 5. Dependence of logk’ of [(T,CF:PP)Fe(R)] co-
mplexes on the volume fraction of water in MeOH
/Water mixture solvent.
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Fig. 6. Dependence of logk’ of [(P)Fe(CsFs)] comple-
xes on the volume fraction of water in MeOH/Water
mixture solvent.

Table 2. Capacity factor (") and liquid-liquid distribu-
tion ratio (D,) for [T,CF:PP)Fe(R)] and [(P)Fe(CsFs)]
complexes

Complexes k D,

[T,CF:PP)Fe(R)]

(CsF{H) 153 1.20
(CsFs) 232 149
(CsHs} 4.88 2.10
((P)Fe(CsFs)]

(T,CF:PP) 0.66 - 0.79
(TPP) 151 281
(T,CHsPP) 456 8.26

Organic phase: #n-Pentadecane, Aqueous phase: Me-
thanol/Water (95/5, 98/2), Detection wavelength (Ana):
410 nm.

B o)l gAts HA e EuiHe B}
22 7G-S veblol ¥ Aotk wahy oA oA
Agctead A 39 LA )= R
A 7 FEeD)e} VLY Y FrAAE
vepdol sts) 2 AL g3 gt

k’=(V,¢/VM_I)+?" () (5}

Al A V,& Reldule o)FAte I, Vy&
2793 (dead volume)ol®, ¥ =jel3, r=m/V,
olth, oA m FAAFY Agpeld, j= AR
F2.A4 Apelch £ Aol £l P44l
IS SETHC,) RWEA  r-pentadecanes
Apg-3ka, HPLCS) AR o)5-Aez Al23 &
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Fig. 7. Relationship between capacity factor (%'} and
distribution ratio (D) by the extraction from aqueous
Methanol into #-Pentadecane for [{T,CF:PP)Fe(R)]
complexes.
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Fig. 8. Relationship between capacity factor (¢} and
distribution ratio (D) by the extraction from aqueous
Methanol into #-Pentadecane for [ (P)Fe(CsFs)]lcomp-
lexes.
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Fig. 9. Chromatograms of [(T,CF.PP)Fe(R)]) comple-
xes by the variation of column temperatures (Tempe-
rature; A: 6°C, B: 12°C, C: 18°C, D: 24°C, E: 30°C).

3 %J EU/

1. [(TpCF3PP)Fe(CeFs)}. 2. [(TPP)Fe(CeFs)]. 3. [(TpCHsPP)Fe(CeFs)]

Fig. 10. Chromatograms of complexes [(P)Fe(C:Fs)]
complexes by the variation of column temperatures
(Temperature; A: 3°C, B: 8°C, C: 13°C, D: 18°C, E:
23°C)
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Fig. 11. Van't Hoff plots for Int’ of [(T,CF;PP)Fe(R)]

complexes in reversed-phase chromatography using

NOVA-PAK C]s column.
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Fig. 12. Van't Hoff plots for Ink’ of [(P)Fe(CsF:}] co-
mplexes in reversed-phase chromatography using
NOVA-PAK Cy; column.
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Table 3. Effect of temperature on the Ing’ for [T,CF;PP)Fe(R)] and [(P)Fe(CeFs)] complexes
R —AH® AS°®
Complexes Ink tkeal/mol)  (keal/mol-K) r

[T.CFsPP)Fe(R}] 6°C ‘ 12°C 18°C 24°C 30°C

(CFH) 049 041 040 0.31 0.28 147 —241X107% 0958
(CeFs) 099 0.89 0.85 Q.75 0.72 192 —-305X107% 0966
(CeFo) 074 161 157 148 143 2.09 ~217X10° 0975
[ (P)Fe(CsFs)) 3C 8C 13°C 18C  23°C

(T,CFsPP) —0.25 -027 -—-067 —-0.82 ~1.11 7.36 —251X1072 0.944
(TPP) 057 0.51 0.35 032 020 303 —794X107° 0.966
(T,CHsPP) 167 161 150 142 2.00 7.36 —-204X10°% 0977

r: Correlation coefficient, Mobile phase: Methanol/Water (95/5, 98/2), Flow rate: 0.8 m//min, 1.0 m//min.
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Fig. 13. Compensation plots according to —AH® and
ink’ values for [(T,CFsPP)Fe(R)] complexes.
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