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ABSTRACT : The purpose of this study is to investigate the elution behavior of plati-
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noid metal acetylacetonates, which is the key to elucidate their retention mechanism and
optimize their RPLC separation conditions. The retention data of four platinoid metal
acetylacetonates have been measured on four different columns in methanol- water and
acetonitrile- water systems. The retention of uncharged platinoid metal acetylacetonates is
interpreted by solvophobic effect. The retention of platinoid metal acetylacetonates is also
greatly influenced by the geometric structure of the complexes. The square planar chelates,
Pd{acac)2 and Pt(acac)z, are retained longer than the octahedral chelates, Rh(acac)s and
Ir(acac)s. It is likely due to that square planar chelates show greater interaction with
nonpolar stationary phase than octahedral chelates. The results of van't Hoff plots have
shown that platinoid metal acetylacetonates is operated on the same retention mechan-
45C. The study of the retention mechanism by the
enthalpy-entropy compensation phenomenon has indicated that the retention mechanisms

ism in the temperature range of 25~

of octahedral chelates and square planar chelates do not vary with the composition
change of methanol- water mobile phase, respectively. In acetonitrile- water mobile phase,
however, the retention rmechanism is observed to be more complicated. Optimum con-
dition for the separation of four platinoid metal acetylacetonates is found to be 40%
methanol, polymeric C18 column, and 45¢.

Key Words :
Retention Behavior

Platinoid Metal Acetylacetonates, Reversed- Phase Liquid Chromatography

LM &

(Ru. Os, Rh, Ir, Pd, Pt) 3}3H4 -
% 2] Feolo 7|

ot L% ﬁc’l"i &l{}ollt.— "—Fﬂ’ﬂ 4] afjFol et
A 2ol A gispA AR gleh S WS
FEEL Ao AFEH 2 o Sl vls) 2
Aol stghEel el g 2w B3l A S
A Bale] v R AX T ok NFH FHEE TR
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S ¥-2l5he o go] 2ol HPLC 91 52 shie)
AR 24 Ao 2 WFF FIZE oby HAs
A ggeh. zeiuh, B4 olo) Rl EAS) £ 2
dolBg WAste] wIFA WA B 254 B
28 (hydrophobic interaction)-& & 7o @ o al&
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ol g M R-F 2§ A AIStglv)e o] B4 A
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Aety] WEg-E vl EZg o2 7F 3] A |4l of
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o}, kel 183k A fAv) sk SR e 3y
B3 22 et wbg-& 7bz}; isoequilibrium E£&
isokinetic ¥Aola} W& = gl o v} g B
Aoz viehd gl
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AH® = fAS + AG (5) Ink = Ina-+ b HO (8)
4 () €57} pd o AU wEE AERI E oirlel a R b ARH LR ojxl Agolvh o
3ol oj3le] AbEl T A o] WElE 2o W] 2] ZE zdo|EES v TS ALuA &)
slo] EjjAo|et= AL ws Fob &, #§EEC] ¢ (solvophobic effect)?} 2A] 8-S v Ao Eof ¥

g shabz] WEE ¥ o dgy]-AQERS A €Ay
o] AW, 1uf2] o} Af ol A gh A& 3lo]
Hr pE A 2% (compensation temperature)e}
gl A (3)ell 2J3}le] isoequilibrium 343l 412 =}
Fr oA | 3HA Go)E vH-E-3 ho] vebd <+ Qo

AGor=AH(1-T/B) + TAG> /f (6)

Isoequilibrium &2 isokinetic H¥+& e AHC
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Az AHgste] F4 ol2EE Feg A7 =82
197224 Huber 5'70] H-&o2 WA o]z 1978
Tollinche -8, 1982\ Gurira §19, 1988« Yamazaki
o] W x3Iich o] =R ES T2 thafgt FE- ok
elold E Ao EES) Fe) v & o2 gl A
FE vizh S A g2 A9 gk

walx, B ool WFE F&-olddolAE
Ao IEET' ke 2 ofe] 7}=] M A (modifier) &
238 oo} FRAN(H A A9 Al Bl el o
& FE-opAl ol E Adalol BB W F-Ee] W3}
B gol ¥y, v FEY 2% A& - dER
¥ A4 A& 2] 2 7SS dEkd
t}. o] & uiebo 2 WFE F ofdlgolAlE o]
ESo 34 e 27208 dohldct
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53 7171 ¥ A" 717 2 A7l AR 7)) =
Waters AssociateA}2] Liquid Chromatograph®Z 4]
A& 4-9)7]%= UBK3 Universal Injector, J X+ M-
45 Solvent Delivery System, 7% 7]+ M-440 fixed-
wavelength UV Detectord AH8-3}qict. A EAl =
ShimadzuA}l2] Chromatopac CR-6A, &3 257]
= SmithklineA}t2] Branson Ultrasonic Cleaner, 32
Z3= JEIO Tech.Ate] RC 10V, 253 A2 A+
MilliporeAl?] Milli- Q &% Az AAE A143h4d
ol Al® 8 4o AF 717 Milliporert Al 55, F
2}7] = HamiltonAMe] microsyringe& AF-8-3l¢ic}. A
72 & A4y} e+ zhzh 280nm, 0.05 AUFSo] ]
t}, 0] F A f4-8 1.0mL/mino 2 s}%lch

Al o4 X HxX|AM B ol ALE% A8
o537 et

Journal of the Korean Suctety of Analytical Sciences



MFE Ais] ¥

el el %Y GG HAl ARvtE g R FF FE oA E 111

Yellol=ge) 2l W v ¥ AF

Platinoid Metal Acetylacetonates : Rhodium (II)

acetylacetonate, Iridium (1) acetylacetonate, Pal-

ladium ( I1 ) acetylacetonate, Platinum ( I } acetyla-
cetonate

Metal Salts : Rhodium (IlI) chloride trihydrate,
Iridium(Il) chloride trihydrate, Potassium tetrach-
loropalladiate ( [l ), Potassium tetrachloroplatinate
(11), Manganese (I} chloride, Chromium ()
chloride

Chelating Agent : Acetylacetone

o] 52 5 AlldrichAtell A 7413 13 ®& 54
efo g AalehA] o5 a2 483tk A8 £
2 Zhzrel FAEF 12 sle] HPLCS w®hgof 5o
oF 10 ~ 10°M FE2 A F3)95, A8 AHE 7|+
(sample clarification kit)E& #}-838}le] =717} 0.5.n
ol atal QIALE-& A A F A8 F9)E microsyringe
& +18-3kof F9l3 o)

ol $4 232+ HPLCH v|gh-&(Mallinckrodt}, ©}
A &1 E¥ (Mallinckrodt )3} Milli-Q 2545 A& &
& A% ES Fuul2 E¥sle] A&3Esh #7)
Lol {71 298 AEFIZ 2 0.5um o] Al 8l
g, E2 7844 AEFIZ A 0.45um )31 o
AEE 247 AAsst o] FA 7] &g &
Egsted et el {71 Solle SovE Hgke
2 40~80%, oM BV EHY 30~70%°1= 747} 10% 4
wala Zich 7h 31 £ obd WS 9l Ha
24 A7k o) AF bl A) 7] F gl 21 F 712 ok 20 71
AFAA 225 gl 7| 2E AAT F Abgslsc)

AR A2 thg-) 4 7HA) AR A-Rssdct

VydacAke] 201TP A ¥ (10m, polymeric,

4.6mm X 25cm)
AlitechAt2} Nucleosil C18 B (10m,

4.6mm X 25cm)
Alltech*}2} Nucleosil C8 23 (10zm,

4.6mm X 25cm)
HamiltonAl2] PRP-1 73] (10.am,

4.1lmm X 25cm)

AHY W 1A Ao 7 e FEe AEE Yol
27 13 Aol A= vivkEe] 248 40~80%%=, of
ABVELS 2L 30~T70%2 HIAHL B9
L5 30CE AT 259 3L B Add
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A dekge] 24L 40~70%2, oM EUEYY =
AL 0~60%2 M3t H Y Aje] L2 256~45C
7tA 5cH AstA A 2F 2Rl AlgEe] 45
Q2K ) sk

KRR g nt -

Za 3 20 HaElo uE HIE S5-0MIE oM
£ ZRO|EES HPE HE ¥ HRE W3IUE. 3
¥y WA 2ot £3] 2ele AR
polymeric C18, monomeric C18, monomeric C8 %3
A -4 2Retgase A FE 2ol A
PRP-1 A% 4 ZFol thste] o BEUER ] 24
30~70%2, Hixkgel 242 40~80%2 WakA|7] L,
Aol £t 0TE YA AL K =
Aetgich el EYEL ] 249 25§ Tuble 1 1}
el gich o F-& A7) Ao A8 gl m2] Fo] v §-
WHelx A3t Kghg A 5 7] Ao MR8
A)zko] W 71 ZA (K o] 9F 10 o} Ak 5] & 71)2 T Atell
A A &8t t}. Polymeric C18 Z3-& vie} 39 A
2]7} Fwel octadecylsiloxaneZo] tiz] HAgslo] gl
{4 monomeric C18 A# ol njdte] w54 o 2o)
v #74¢ Aoz oeiAd gloh b4 polymeric C18
Ao = 24Ad A5 2HE-o] monomeric C18 A
Rt o] #7) W Fol AT o] FAb Atelof A A
gk Molzl =8l zlo g Byy v} glehe v, A A
Aol G-Alst Al AtLd 4 ¢9le THA el polymeric
C18 Z A 712 A7) wf ol 432 B F-E 2712
polymeric C18 Z# oA 7}#+ #rl &3, monomeric
C18 Z &3} monomeric C8 A& L v|Wsle] ¥ o
7] Al&o] 22 monomeric C8 A oljA] M} we) &
2152 o 4 givh 22)5 PRP-1 H3 N4 71 34
ae)gc} o)A & FAQ WEFE F5 oMot E A
golEE-& uigA AT X AEAEE
sl EAe] AMFE A fedda Mg 4
Utk

WFE FE olidoldE Y EEL o FFe
2 adeA Bl o A RIS etRr] ¢
slo] oel-&-E gule} ol RUEY - Sofoll 4] A
(8)el 2l3ted In k'2} ¢ H209 HAAE =T 2t 2
= Ao A of§ F AAAE Fepidc) Ao
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Tuble 1. X’ of Platinoid Metal Acetylacetonates in 30~70% ACN- H20 Solvents on Various Colurns

% ACN
column* chelate 30% 40% 50% 60% 70%

polymeric C18 Rh 2.04 0.92 0.48 0.27 0.24
Ir 2.78 1.19 0.59 0.31 0.27
Pd 3.93 1.61 0.77 0.43 0.34
Pt 4.12 1.63 0.76 0.40 0.32

monomeric C18 Rh 6.83 3.23 1.63 0.89 0.47
Ir 9.16 4.21 2.02 105 0.55
Pd - 6.10 2.87 1.54 (.86
Pt - 6.26 2.84 1.47 0.80

monomeric C18 Rh 4.19 2.04 118 0.61 0.31
Ir 5.40 2.50 1.38 0.69 0.36
Pd 8.13 3.40 1.88 0.97 0.53
Pt 8.21 3.42 1.85 0.92 0.48

PRP-1 Rh - 6.20 296 1.46 0.94

Ir - 8.66 3.91 1.85 1.15
Pd - - 0.08 3.00 1.95
Pt - - 6.92 3.28 2.03

*column temperature : 30C

Z polymeric C18 A#, vgt-&-F 4ol A 9-& Fig. 3.0

Lol viehfglcl.

g, 7] Sule FH7E oA 88 o4 R A9 207 Pd
ol W3ph dofdrk ok EUEY-E 2Ye)AE P
Rh(acac);9} Ir(acac)s2) #28l+= F2 ¥bH Pd(acac)s 1.0 Ir
2} Pt(acac):®] #el+ vi-% $£2) 242 & 4 5 Rh
ok 30~40% ot B EY Aol Rhlacac), It % ool .

(acac);, Pd(acac)s;, Pt(acac),®] 4-o2 &alg=qr,
50~70% oMM EYEZ FAsto4l+ Rh(acac)s, Ir 10l
(acac)s, Pt(acac)s Pd(acac), 2. & £2j5ic} ¢4,
b2 B ZA A& Rh(acac)s? Ir(acac)s9] -2
-2.0
2} Pd(acac).2} Pt(acac),e] 27} =5 ©] Fou |
wWele ZAJe] #A4le]l Rh(acac)s, Ir{acac); Pt
(acac),, Pd(acac), £ 2 42| €} % s 4 s s 7o e

ol A& WFE F&-ol o E HHo| EEL] 7
hata =, ol W QAT AZaHEe] zjole
2% Ao Mg 5 ok &, PdE YA Fag
E )2k Rh(acac)s;#t Ir(acac)y7} Pd(acac).2} Pt

Fig. 1. Plots of In k' vs. MeOH- H20 composition for
platinoid metal acetylacetonates on polymeric C18

column.
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Aol 52 ¥ 9 7§ AF

(acac). 2.t} v1 =%t Rh(acac)s9} Ir(acac)sy= &4
A FZ0]3 Pd(acac).2} Pt(acac)i= B AMAE 7+
Folng vFA AxGH &Y -] o] @
gyl ApzHy 739 Pd(acac).9}t Pt(acac),?} B84
7729 Rh{acac)s2} Ir(acac);Rc} o] &4 fei%ic}
3 Az}, 50% oM EVE™ zAJd) A Pd(acac),
2} Pt(acac):2] %247t vided], o4& WH-§
w7 o] o] =AM HEEle Aoz HMY
ek

vletat B2 &3 Sl A viutgn E 7hzhe)
AEs ogkga Bo] 3" BA AR Fol U=
dl40~43 oel-gx} Fof Bita) AdFo] ENF2EZH
vl A A=Akl olet-go] b4 s XabE|A] Rahal #|
eh2-o] ¥} F1E5E uFA AAGd FAHE
wgkg-2] ofo] Z7islAl Rl o B EY 3} £ 2
&3 22 Aoz £ Eof Wl EAst= AR
L M BEVEY, &, B3k Aol el ol EY
EY F:40] 50% oAl AF oMM EUEY 24 3
FH(self- associated) A3Fo] kA 7] wffof, oM &
e 5% Wil HisEich 7 aejma oy
EVeyge) 2i0] 50% o|5}al AF ol B ER ]
ZAJo) Z713tel uhe} uiSA A A4 FA s ot
BUEY2 oy Zrislx|ul, ol EVE™Y] £Ae]
50% ol 4l Aol v1FA A A F2E = oA
EUEYe| ofo] A2 YA Ho)rt upepa] wnkE
-E gdo] A% vk 2Alo] FrEtYw Ry

BAke ToE ) S wSE A BAFOZ F

A =, ol EYEH-B &9 9 A$ 50% ofs}
ol A ihg- B 4o 3 vpirlA) 2 ol EYEY B
A7 ul A YA A ddF o2 FAE 50% ol
ol 44 olm] HAAF-E P EUER | 3] E5s o]
gdong oM EUER :A] FrFEtR ofdE
YERL oS54 Pl A3 44 4 9l ol
Faso] e otEUEY #7 fled o2 Fo=
F2=A "k a2l ogbg-E &eie] A9 40~
80%% weh-e 24 WalT w8 vrhge] oA
slelela e F olov oHEYEY-F 2l
4% 30~70%2 oM EUE- L] 2Ado] M of 50%
FA oA HFE w7 Eell Wbt Ar)eleta A4
s Ay Axpel dxgcl Awke-E AN
Pt(acac),”} Pd(acac), 2t} WA £2j5le 2L Pt
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(acac),7} wl&d-& A 2] o] g-Ats 7dslAl Al ar4-3)
= A22 Azt gk 24604 Pt(acac)= A
7} 23 & (adduct)-& o] F= 71 22 ¥ w%|o] gjr}.ee

WZE F&-olMEoldE YolERS {F R
ofjix| Hatelo] aA|

RP-HPLCHA 2 ¢ 3le AR L2 5~
100cels dHe 2=t Fopshd 4o AeE 3
227 2] A&E FUAIE B o, &9
odgrg ddshy g A A HFE o ES
FEstE o 28] o) webd WEH F4- ot
ol E Y| EES AR wFEo A &
9] od#&ke olo}r 7} 9)5}ed van't Hoff plot-g &A1}
odc}. van't Hoff plote] ZHAAE vepdicid Z ALl
2% HyldA £de oFEL AAEch? van't
Hoff plot.o- 238 A xjAtell I AL x ok 5 3]
o}

B ATelae HFE F4- ot doA & AdolE
Eol 2Xxd o2} HF-F vl Fe] WEstel, o
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Fig. 2. van't Hoff plots for rhodium acetylacetonate
in various MeOH-H20 solvents on polymeric C18

column.
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T2 gtod A3 39 4% A3, van't Hoff plote
2E A8l i ob5 F2 A4S Bof Fr). o}
A ofer-g-F, o EYEE . E A]Asle] H$ 25
45C2] L5 WY ol A WIFE FL olueolA & By
O|EE2] W EF w7l Fe] RIS o 4 qir) Pt
(acac).®} Z-%F Fig. 2o ehich 7187](-A
H° /R)z2%E] Ao] ddsl w3lE 7atw du(a
S°/R + In 0)225¥ o] AEBy W3S 7z}t
Taheich ) EA 2 2 polymeric C18 R, ojekg- 2
8ul2) A58 Tuble 20| vebgich. do] Al E g3t

Tuble 2. In X',
Polymeric C18 Column

SEER

A e - 4 7e

& 7] At A He) WAIAkS o] EAae) &
u1Q) A (@) & olof e}, AbuIE A 418}7] 919}
e 2 gl 2404 AR WA o Sabel
#3513 Qojof shid] & ATlAE PP o2 AN
Wt 5, 7 2R A RE 5 vikeel 42 A7
o238 o] 5l “?‘ng‘ Axrstelz, WA AP ¥
CERRESEEE LY REEEEEREEE
shgich o)sh RE WO WHg- T3} oM EUE
Y-E g 7 2N TR AP E Tuble 3o v
Wik Table 314 2R §7] fohsl Bgo] 271

—AH® and —AS° for Platinoid Metal Acetylacetonates in 40~70% MeOH- H20 Solvents on

Column Temp. 1/ Tx10% (K™ ')

r* —AH® —AS°
3.36 3.30 3.25 3.19 3.14 (keal /mol) (cal/mol - K)
70% MeOH
Rh —1.650 —1.701 —1.767 -1.817 —1.873 0.9979 2.030 8.902
Ir —1.551 —1.604 —1.655 —1.727 —1.784 0.9981 2.130 9.034
Pd —0.683 -0.777 - 0.906 —1.023 —1.137 0.9978 4.168 14.143
Pt —0.853 —0.946 -1.071 —1.196 —1.303 0.9979 4155 14.436
60% MeOH
Rh —(.914 —0.975 ~-1.032 -1.092 —1.149 0.9998 2.213 7.744
Ir —0.783 —0.845 —0.908 —0.968 —(.968 0.9993 2.244 7.891
Pd 0.148 0.000 —(.140 —0.267 —0.393 0.9993 4.877 14.900
Pt —0.026 —0.166 —(.312 —0.437 —0.555 (.9989 4.806 14.999
50% MeOH
Rh —0.065 —0.154 —0.215 —0.290 —0.364 0.9993 2.656 7.834
Ir 0.102 0.002 —(.064 —(1.143 —{(1.220 0.9990 2.856 8.178
Pd 1.083 0.910 0.756 (.600 0.456 0.9997 5.657 15.634
Pt 0.914 0.737 (.584 0.426 0.281 0.9997 5.705 16.132
40% MeOH
Rh 0.881 0.786 0.702 0.607 0.523 0.9999 3.237 7.582
Ir 1.086 0.983 0.892 0.791 0.701 0.9999 3.480 7.989
Pd 2.150 1.952 1.766 1.584 1.415 0.9996 6.647 16.521
Pt 1.977 1.774 0.590 1.404 1.237 0.9997 6.692 17.018

*correlation coefficient
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Table 3. Phase Ratios of Polymeric and Monomeric
C18 Columns at Various Mobile Phase Compositions

Phase Ratio, @

polymeric C18 monomeric C18

Composition
(v/v%) ACN  MeOH ACN MeOH
70 - 0.548 — 0.555
60 0.515 0.546 0.507 0.536
50 0.507 0.484 0.478 (.520
40 0.484 0.461 0.450 0.450
30 0.460 - 0.410 -

FE A7) Fokshe g 4 7 ek
of o Bgo| 275 E v)FA4 oA Ab&o] W Asle
A o) A 2l abe] Fu)7} Frbshe & 2 vl o]
2L A x| Abo] o] FAFS] FAl o whe} 9 AP} 3
ol A e mdia o 2 gt

Ag] o) Wiz whu} £ale] A x| Abell g} Al wr}
ol @A 2elx| =715 golh 7] $138}e] polymeric C18
A% 7} monomeric C18 A&l 4] W3- FF-opAl &

ol %71 &

A} N 2 ReLE afue) o)g W=
2] 8 M RE AR

F&-ohddop g 115

otHl & HH o] EE 2] Ho] dlets] WIS Table 404 H)
astedct. Table 494 2% polymeric Cl8 Z o)
monomeric C18 A B} o} Nedy] Wgte) of F
2 o 7 olrt o] AL WFE F&- ol Hol A B e
olEH9] X RAtel] thE %3}%7} polymeric C18 #
ol A o] zAvtE A& ofvighe}. B F-E A1 22
2% W o]F A A monomeric C18 #3 B} poly-
meric C18 Aol A o] gH-2d], o] 71L& A A afe] &3
o AbE 2H8sles FdA4 o) polymeric C18 ZH#jo] v
A7) Welch. &, dE2s) Walgle gy Wit
o vls FAIR 4 2U& HER 2SS o 5 ek

ol FAtel =4 Wil ) 23] w58 w7
o} W5 =r}e] of g eholX 7] 9]5te] qlgw]-olE
23 sl "k Ao Ve s AERE
o]yl $isle] AY %59 %3 %#(harmonic
mean)-& ©]-8-3tef A4lsteich B Ao 4] ALEF &
T2 238 Y& 35TelmE A (7)d 2sled 35¢
A In K —AHC o] #AE wur-o] Hu%E
40~70%71A] WEA7IR A ZAFSlgAeh —AHC & ¥
Y42 3o monomeric C18 A 2ol A W& 24
olH e ot E A dlo| Efel ) 3led 37 EAHg A3t
oS3 22 AE dgich

Tuble 4. Standard Transfer Enthalpy Values of Platinoid Metal Acetylacetonates on Polymeric and Monomeric

C18 Columns

Rh{acac): Ir(acac): Pd(acac); Pt(acac),
%MeOH P-C18* M-C18™ P-Ci8 M-C18 P-C18 M-Cl18 P-CI18 M-Cl13
70% 2.030 1.211 2.130 1.283 4.168 2911 4.155 2.842
60% 2.123 1.804 2.244 1.901 4.878 3.840 4.805 3.756
50% 2.656 2.068 2.856 2.227 5.657 4594 5.705 4.547
40% 3.237 2.672 3.480 2.954 6.647 5.707 6.692 5.728
%ACN P-CI8 M-C18 P-CI18 M-C18 P-C18 M-C18 P-Cl8 M-CI18
60% 2.170 1.443 2.274 1.558 3.153 1.963 3.167 2.046
50% 1.700 1.144 1.884 1.389 2.919 1.806 3.002 1.988
40% 1.603 1.090 1.924 1.440 3.115 2.101 3.114 2.424
30% 1.197 0.746 1.641 1.254 3.367 2.488 3.769 2.853

*P- C18:polymeric C18 column
M- C18:monomeric C18 column
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Fig. 3. Plot of In k' vs. —AH® for platinoid metal
acetylacetonates in 40~70% MeOH- H20 solvents.

Fig. 4. Plot of In k’ vs. —AH® for rhodium and irid-
ium acetylacetonates in 40~70% MeOH-H20

solvents.
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Fig. 5. Plot of In k’ vs. —AH® for palladium and
platinum acetylacetonates in 40~70% MeOH-H;0

solvents.
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Fig. 6. Chromatogram of platinoid metal aceylaceton-
ates.
Column : polymeric C18 column
Solvent : 40% MeOH
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