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Figure A: Resolving Power as a Function of Particle Size and Column Length Figure B: Relative Back Pressure versus Particle Size
Instructions: This chart plots Resolving Power (the ability of a column to separate Instructions: For the ultra-fast column configuration selected in Step | (length,
components in a mixture) versus column length for 7 different column packings. particle size), estimate the expected back pressure on this column by multiplying the
Three of the packings are conventional particles (5.0 pm, 3.5 ym, and 3.0 ym) and pressure observed on the conventional column by the ratio of the “Relative
four are ultra-fast particles (2.2 um, 2.7 ym Fused-Core™, 1.8 pm,and 1.7 ym). Pressure” of the ultra-fast column to the conventional column and then by the ratio
As column length increases, so does Resolving Power; but run time also increases. of the column lengths.

Notice that the columns packed with ultra-fast particles provide greater Resolving
Power in much shorter column lengths compared to the columns packed with

conventional particles.\WWhen converting a conventional separation to an ultra-fast
separation, choose the shortest ultra-fast column that provides Resolving Power RP, L,

Note:This calculation assumes that the mobile phase velocity is the same for both the
conventional column and the ultra-fast column.

equal to or better than the conventional column it is replacing. This will allow you P, =P x RP, x L,
to minimize run time and maintain acceptable resolution.
P,:  Estimated back pressure of the P,:  Measured back pressure of
ultra-fast column conventional column
1.7 pm - RP,: Relative back pressure of the RP,: Relative back pressure of the
1.8 : 0
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22 35 L,: Length of the ultra-fast column L;: Length of the conventional column
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Example: A 100 mm ultra-fast column packed with 1.8 pm particles will generate
approximately 3 times the back pressure of a 250 mm conventional column packed
with 5 ym particles.

Example: A 100 mm ultra-fast column packed with 2.7 um Fused-Core particles
meets the criteria of providing equal or better Resolving Power compared to a
250 mm column packed with conventional 5 um particles. This ultra-fast column is
an appropriate choice for replacing the 250 mm length conventional column in an P
ultra-fast method.

P x 17 x 100mm _ 5450, p

ULTRA-FAST COLUMN ' | 250 mm CONVENTIONAL COLUMN
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B EFBOY CSBOE PG VMUSB GBOIW TOAAMVADNUA WX W his BJaFE eltinkaiSs change in Resolution with changes in mobile phase velocity.
BDIFFBADDFOEUBNMWHJIEG ISMVDBEF B TFR VRES Not only do ultra-fast columns have their optimum efficiency at higher mobile phase
FSTPMVRVRNNBZZCFEF BCMFOURIF/TS VW BOSBWG B TU D PR9Y ey alpp Sacrifice less of their efficiency as mobile phase velocity is
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Example: An ultra-fast column packed with 2.7 um Fused-Core particles can be
operated at a relatively fast mobile phase velocity of 0.7 cm/sec and still retain over
96% of its resolving power: A conventional column packed with 5 um particles run
at the same flow velocity would retain only about 82% of its resolving power.

Converting Mobile Phase Velocity (cm/sec) to Column Flow Rate (ml/min)

L’lhzzge Column ID (mm) g'h‘;l:!e Column ID (mm)

Velocity 1.0 2.1 30 46 Velocity 1.0 2.1 3.0 46
0.1 0.030 0.13 0.27 0.63 0.6 0.18 0.79 1.6 38
0.2 0.059 0.26 0.53 I.3 0.7 0.21 0.92 1.9 4.4
0.3 0.089 0.39 0.80 1.9 0.8 0.24 1.0 2.1 50
0.4 0.12 0.52 [ 2.5 0.9 0.27 1.2 24 5.7
0.5 0.15 0.65 1.3 3.1 1.0 0.30 1.3 2.7 6.3
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Figure D:Adjusting Gradient Time (t;) for Changes in Column Volume and
Flow Rate

e, =t X Vi X L
ml F?.
te,: Gradient time for the ultra-fast tg,: Gradient time for the
separation conventional separation
V,.»: Column volume of the ultra-fast V,.;: Column volume of the
column (seeTable |) conventional column (see Table I)
F,: Flow rate for the ultra-fast F,: Flow rate for the conventional
separation separation

SeeTable on page |2 for estimates of column volumes for most commercially
available column dimensions.

Important Note: The system dwell volume (gradient mixing volume) can have a
significant effect on the chromatography when using gradients because it adds an
isocratic hold to the beginning of the gradient. The time of this “hold” is equal to the
dwell volume divided by the flow rate. VWhen the flow rate is changed, this isocratic
hold will also change. This change in gradient hold will generally have more of an
effect on early eluting peaks, but it will also affect all peaks in the chromatogram to
some extent. To minimize the effect on your separation, keep the dwell volume as
small as possible by using micro gradient mixers and keeping the tubing volume in
the system to a minimum.

Example: A conventional method uses a column 4.6 x |50 mm (1.57 ml), a flow rate
of 1.0 ml/min, and a gradient of 15% B to 35% B in 20.0 minutes. The gradient time
for an ultra-fast method that uses a column 4.6 x 50 mm (2.7 pm Fused-Core,

0.42 ml) and a flow rate of 2.0 ml/min is:

= 90 (S 5 0.42ml 1.0ml/min

G ULTRA-FAST | 57ml X 2. 0ml/min = 2.7 min.

t

Figure E:Adjust Sample Injection Volume for
Changes in Column Volume

Vi
vIX VZ

ml

Sy»:  Injected sample volume for the ultra-fast column

Injected sample volume for the conventional
column

V,,: Volume of the ultra-fast column (seeTable |)

V..;: Volume of the conventional column (see Table |)

ml*

Example: A conventional method uses a sample
injection volume of 20 ul on a column 4.6 x 150 mm.
The sample volume that should be injected on to a
4.6 x 50 mm ultra-fast column (2.7 um Fused-Core) is:

S =20 pl x 042 ml
1.57 ml

v ULTRA-FAST

=5yl



An Exam P le of Converti ng a Conventional 3. Confirm that the selectivity and resolution of the ultra-fast column

Separation to an Ultra-Fast Separation. is adequate.
'PS TINQMIMIMM BTTVNF UIBU UIF TEMFD
Conventional HPLC Separation Conditions DPMVNO JT BMNPTU JEFOUJD BN WIP OB
DPMVNO BG# SURFEBMVUJPO JT BEFRVBUF

COLUMN: Y N N "N
FLOW RATE: NM NJO 4. Optimize flow rate to minimize run time. &£FJHNW $ UP FTUJNB
MOBILEPHASE: TPDSBUJD DIBOHFTROVVUIPO XIJWXX PBBRBEGHFT JO nP
RUN TIME: NJOVUFT
PRESSURE: QTJ CBS 8F DBOIGSEY VP Y INPEFSBUJOH UIF VMU.
BYJNVN B D DFIORVESC M F @TSJ CBS DPMVNO BU B $BHUHFFISVARIUBWBLK TUSBZ
RESOLUTION: XJUIJOFRWNEOUT PG NTPNMINUNPO BOE NB
SAMPLE INJECTION VOLUME: M QBTFV®F VMUSB GB TWE NDPD//AREO FIRVIHM E B D |
QBETFVWIBEUDBO PQFSBSBUFUPEE nP NM NJO
Converting to Ultra-Fast Separation Conditions TUBZ XJUIJO PVS EFMRYBEBF-BMEBMYUTPRG QS
I. Select the shortest ultra-fast column that provides resolution NM NJO
equivalent to or better than the conventional column. 4#F DJUBS Ly wwowso Q NM NJO QTJ
JOJHN S
5. Adjust the gradient time.
"DPMVNO Y NN QBDLBEDMUET JT"IT\FK@IBU’:E
GPSUGRSFTOWHBUJPO hJT JT BO JTPDSBUJD TFQBSBUJPNF TP O
JTFRBVYES
2. Estimate back pressure. 4 F- Bl B-UQ BVP T EVE6B C MIFVIZD
NN 6. Adjust the injection volume. &£FJHNW & GPS DBMDVMBUJP
TomusEU sPMYNO QYrJ NvN QTJ QBHF XJUI FTUINBYRETDPMVNO W
~ M ~
4JODF UIJT VMUSBFEBT P 0P MBNONFN BDDFQUBERNQMMWKF —MAN/M M
CBDETQXYVS QTJ FBLEYMBSB GBTU DPMVNO JT TFMFDUFE
GPSFTOWHBUJPO Ultra-Fast Conditions
hF BMUFSOBUS® GBTU DPMVNO TFMFDUFE &3LuBN: YY NNNN Q B D/CTRHE F$ P)S0O
XJUI VNFEFBBIDPMFT )1 DPMVNO hF FLOW RATE: NM NJO
CBDETQFYEBO UIJT DPMVNO JT RUN TIME: NJO_Y NM NM NJYO NJO
QTJl Y NN Y QTJ RESOLUTION N M NMNJO
Lmussu $PMVNO N N PRESSURE: QTJ
SAMPLE INJECTION VOLUME: "M

hJT VMUSB G BAVUBEFTMEINWI BBRM-\QUWIBPCOM B C8E

3V0 UJNF GPS UIF VMUSB GBTZ NRQ/ESRNMBDID BN RIE CURDMRNBNERER B VN O ¢
BDDFQUBOGMFVEPHLPYS NFUIPE SBUJP PEMNFTWP G VMUSB G BTOU DPME/M (O RN/ GFREIEANGIE 0J XOS B G AT P @ P
UIF UXP DPRAMVEBHAF 4



Conventional Separation

COLUMN: Y NN "N$

FLOW RATE: NM NJO
RESOLUTION:
PRESSURE: QTJ
RUN TIME: NJOVUFT
SAMPLE INJECTION VOLUME: "M
Rs =3.0
Il\
JL
0 2 4 6 8 0 12

TIME (minutes)
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Ultra-Fast Separation

COLUMN: Y NN "N'VE$PF$ ) "-0™ 1-$ DPUNO

FLOW RATE: NMNID

RESOLUTION:

PRESSURE: Qo

RUN TIME: NIOABT

SAMPLE INJECTION VOLUME: "M

Rs = 3.1

l JL

0 0.5 1.0 1.5 2.0
TIME (minutes)

25

These are simulated chromatograms generated from theoretical data. Differences in selectivity between

a conventional column and an ultra-fast column or changes in secondary retention interactions will yield

different chromatographic results from what is predicted here.




Reference Tables and Equations for
Quick Estimates

Table |: Estimated volume,V, , for a variety of available column dimensions

ID Length Vi V,, Fused-Core ID Length Vi V,, Fused-Core
(mm) (mm) (ml) (ml) (mm) (mm) (ml) (ml)

1.0 20 0010 0.008 30 20 0.089 0.071
1.0 30 0015 0012 30 30 0.134 0.107
1.0 50 0.025 0.020 30 50 0.223 0.178
1.0 75 0.037 0.030 30 75 0.334 0.267
[.0 100 0.050 0.040 30 100 0.445 0.356
1.0 150 0.074 0.059 30 150 0.668 0.534
1.0 250 0.124 0.099 30 250 [ 0.89
2.1 20 0.044 0.035 4.6 20 0.209 0.168
2.1 30 0.066 0.052 4.6 30 0.314 0.251
2.1 50 0.109 0.087 4.6 50 0.524 0419
2.1 75 0.164 0.131 4.6 75 0.785 0.628
2.1 100 0218 0.175 4.6 100 1.05 0.84
2.1 150 0.327 0.262 4.6 150 |.57 1.26
2.1 250 0.546 0.436 4.6 250 2.62 2.09

Note: Column volumes listed here are estimates only. However, most commercial columns can be expected
to have volumes within about 5% of what is reported here. Columns packed with Fused-Core particles are an
exception and, therefore, are listed separately.

Table 2: Column plate number, N, for columns packed with different size/type particles

Particle N per cm of column length Particle N per cm of column length
5um 800 2.7 um Fused-Core 2200

35 pm 1140 [.8 pm 2220

3 um 1330 [.7 pm 2300

2.2 ym 1800

Note: Estimates in this Table are for near ideal conditions. Column plate number is dependent on many factors
including the solute, mobile phase viscosity and flow velocity and it is not unusual under “real-world” conditions
for column plate numbers to be over 20% lower than what is reported here.

Estimating changes in run time with changes in column volume and flow rate
7 ]

VMUSB GBTU VMUSB TU
3alMUSB GB%PE)&/UJF’YOWM ! GF
DPPOWJPOBMDPPOWUJPOBM

RT = RunTime
V = Column Volume
F = Flow rate (If column ID changes, mobile phase velocity should be used instead of flow rate.)

Estimating changes in Resolution with changes in column plate number

/ _ .

VMUSB G Rt g Resolution

3 JM USB G B%JE)@VUJ PYJT N = Column plate number
DPPOWJIPOBM

Not like other

ultra-fast
HPLC columns.

HALO HPLC columns made with Fused-Core™ particle technology
are hyper-fast and super-rugged. Their low back pressure allows
them to be used with conventional HPLC equipment as well as

ultra-high pressure systems.

HALO columns can turn almost any HPLC into a
high speed workhorse for your laboratory.

HALO and Fused-Core are trademarks of Advanced Materials Technology, Inc.
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