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Development of the Ultra Fast Liquid Chromatograph and

the analytical column for high speed and high resolution analysis

Okiyuki Kunihiro, Yoshihiro Hayakawa, and Shuzo Maruyama

LC Business Unit, Analytical & Measuring Instruments Division, Shimadzu Corporation

1, Nishinokyo—Kuwabaracho Nakagyo—ku, Kyoto, 604—8511, Japan

Abstract

We developed Prominence UFLC as Ultra Fast Liquid Chromatograph and Shim—pack XR—ODS as ultra fast analytical column necessary to

achieve higher speed and higher separation by using optimized particle size 2.2 um. Prominence UFLC with Shim—pack XR—-ODS columns

enables users to shorten analysis time drastically and easily without extremely high pressure, while maintaining the high separation efficiency

of conventional columns and system performance features such as reproducibility, carryover and durability. Prominence UFLC is applicable

to a wide range of customers as a highly reliable, and flexible, fast LC system that dose not require specialized components.

Keywords: ultra fast LC, optimized particle size, high speed and high separation, sample diffusion outside analytical column
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Table 1. Theoretical plate number achieved with 30 MPa condi-
tions

god goooon gbooboooao

0 um0O 0 cm/min(] 0 mm0 nopboo
1.5 38.70 29 8,697
2.0 29.03 69 15,462
2.5 23.22 134 24,159
3.0 19.35 233 34,790
35 16.59 369 47,352
4.0 14.51 551 61,848
4.5 12.90 785 78,276
5.0 11.61 1,077 96,638

Figure 1. Relationship of linear velocity of mobile phase and
HETP at each particle size
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Figure 2. Pressure loss of the columns at each particle size
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Hmin = {A+20 (BO C)'2}0dp
vopt = (BOC)2/dp
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AP = p0 LOv/dp?
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Figure 3. Relationship of retention time and particle size neces-
sary to achieve Rs=2 under 30 MPa
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Rs = 1/4xN"2x((a—1)/a)x(k/(k+1))

00000000 O00DOOO0O00O0OO0ODOOOO0O0O0ODO
OO00oo0ONOODOOOOODODOkOoOOOOODOODOOO
OO0OTable 10000000000 DODOOOOOCODOOOOO
goooooooooOoOoOOOOOOOOOOODODODOO
00000000 0o0o0ooooOoooooOoooOoon
oooo0oOoooOoOoOoO0ooOOoOoOokOOoOooOoOooooo
goooooooooOoOoOOOOOOOOOOODODODOO
O000oo0Oo000okoooooooooooooooo
Oo00o0ooooO0OoooOoOoOoOooO0ooOoOoOokOoooooo
OoOknkOooOoOOoOOoOOoOOOOOOOOOOOOOODODODOO
gooooooooOoOoOoOOOOOOOODOOO

0oo0oo0o0o0ooooooooooooogoooooo
oO0ooo0oo0o0o0Oo0o0o0oOoooooOoooooooo
Ooimoomwmd 00000 OO0OOCOOODOOOOO
goooooooooOoOoOOOOOOOOODOODODODOO
0000000000000 00000000wmB OO0
OOCOOOOOODOOOShim—pack XR-ODSO O 00 0O Fig4
OO Shim-pack XR-ODSOOOOOODOOOOOOOOO
O O Shim-pack XR-ODSO O OOOOOOOOOOOOOO
0 0O 0 O Shim—pack VP-ODSUOM umOO O mmO 00000
gioocooooooOoOoOoOooooOoOooooOooooo
O000ooooO00ooooooOoOoooOoooOoooDooo
O0O0OO0OOOOOOOOO0OOOShim—pack XR-ODSO O
MMpPaOOOOOOODOOOOODOOOOODOODOODOO

Okiyuki Kunihiro, Yoshihiro Hayakawa, and Shuzo Maruyama

e
Shim-park VE-OHTE i) mm b = 78w ; 1] gmi
o Flose: st ] sl ol
3 W e Pl Tk = Wi, 0

Y

» ' b park VFEAHP (Lh e i n )5 LR

Pl i = | 0l
W Far Faak 7§k = LA HEE

]

Figure 4. Chromatogram of alkylphenones using Shim—pack XR
—ODS (upper) and Shim—pack VP-ODS (lower)
(Chromatographic Conditions :mobile phase: Water/
Acetonitrile (3/7, v/v), temperature:400 , detection:245
nm, peak#:1.acetophenone, 2.propiophenone, 3.butyro-
phenone, 4.valerophenone, 5.hexanophenone, 6.hep-
tanophenone, 7.octanophenone)
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Figure 5. Chromatogram of alkylphenones using Prominence
UFLC and Shim—pack XR-ODS
(Chromatographic condition : mobile phase: A:water,
B:acetonitrile 0 min (50 % B)-0.55 min (95 % B) -
0.70 min (95 % B), flow rate: 1.5 mL/min, temperature:
400 Detection: 245 nm)

Table 2. Reproducibility of retention time and peak area at each

peak (n=6)
Retention time Peak Area
Compounds

Average | %RSD | Average | %RSD

Acetophenone 0.377 0.076 49018 0.193
Propiophenone 0.493 0.072 47260 0.167
Butyrophenone 0.587 0.070 49199 0.055
Valerophenone 0.677 0.065 45277 0.138
Hexanophenone 0.763 0.082 46613 0.186
Heptanophenone 0.842 0.087 43975 0.205
Octanophenone 0914 0.080 48978 0.200
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Figure 6. Chromatogram of alkylphenones after 100,000 injec-
tions
(Chromatographic condition: mobile phase: water/ace-
tonitrile (1/1, v/v), flow rate: 1.25 mL/min, temperature:
400 Detection: absorbance at 245 nm)

Table 3. Reproducibility of retention time and peak area at each
peak after 100,000 injections (n=6)

Retention time Peak Area
Compounds
Average | %RSD | Average | %RSD
1. Acetophenone 0.916 0.089 312670 0.059
2. Propiophenone 1.398 0.058 315739 0.045
3. Butyrophenone | 2.111 0.030 336428 0.063
4. Valerophenone | 3.341 0.031 296609 0.040
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Figure 7. Chromatogram of PTC—amino acids derivatives using
Shim—pack XR-ODS

(Chromatographic Conditions : mobile phase: 10 mmol/
L (potassium) phosphate <pH 7.0> for A and acetoni-
trile for B (A/B: 95/5 for 0.3 min then 95/5 to 60/40 in
3.4 min), flow rate: 1.2 mL/min, temperature: 400 , de-

tection: absorbance at 254 nm)
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