
150 X 3.0 mmI.D., 5 µm

Solvent volume : 11.25 mL
(analysis time 25 min) X (flow rate 0.45 mL/min)

150 X 2.0 mmI.D., 5 µm

Solvent volume : 5 mL
(analysis time 25 min) X (flow rate 0.2 mL/min)

100 X 4.6 mmI.D., 3 µm

Solvent volume : 16 mL
(analysis time 16 min) X (flow rate 1.0 mL/min)

100 X 2.0 mmI.D., 3 µm

Solvent volume : 3.2 mL
(analysis time 16 min) X (flow rate 0.2 mL/min)

1

2

3

4
5

7

min0 5 10 15 20 25

F090213B

1

2

3

4

5

7

F090216B

min0 5 10 15 20 25

0.45 mL/min, 2 µL injection, 6.2 MPa 0.2 mL/min, 1 µL injection, 6.3 MPa

1.0 mL/min, 5 µL injection, 8.0 MPa

min0 5 10 15 20 25

1

2

3

4

5

6

7

F090204D

1

2

3

4
5

6

7

F090216A

min0 5 10 15 20 25

0.2 mL/min, 1 µL injection, 7.8 MPa

Conventional LC system Conventional semi-micro LC system

Ultra-fast LC system (can be used with conventional semi-micro system)

column I.D. (mm)

4.6

3

2

area ratio

1

0.43

0.19

flow ratio

1

0.43

0.19

sample ratio

1

0.43

0.19

solvent ratio

1

0.57

0.81

recommended system

conventional LC system

conventional semi-micro LC system

conventional LC system

YMC-Pack Pro C18 

150 X 4.6 mmI.D., 5 µm

Solvent volume  : 25 mL
(analysis time 25 min) X (flow rate 1.0 mL/min)

1.0 mL/min, 5 µL injection, 6.5 MPa

min0 5 10 15 20 25

1

2

3

4
5

6

7

F090204C

Acetonitrile (ACN) is an important solvent for HPLC.  Due to the current shortage and increasing prices for ACN there is more interest in 

conservation and efficient utilization of ACN during chromatography.  Changing from ACN to methanol usually changes retention and/or elution 

order for peaks of interest.  A more simple method development approach is to "downsize" the separation by reducing column diameter and 

length while reducing the particle size of the stationary phase particle.  As seen below, such an approach is effective when scaling down within 

YMC-Pack Pro C18 family of particles because selectivity and peak shape are consistent across all particle sizes.  Such "scalability" allows for 

dramatic reductions in ACN usage while maintaining selectivity and adequate resolution and increasing the speed (productivity) of analyses.

correlation between I.D. of column / flow rate / sample volume / solvent volume

correlation between column length and particle size

CHG: I.D. & Flow rate

CHG: particle size & column length

CHG: transfer to Ultra-fast LC method

Standard condition as criterion

YMC-UltraHT Pro C18, 50 X 2.0 mmI.D., 2 µm

660 % off

solvent u
sage

6
80 % off

solvent u
sage

33 % off

solvent u
sage

&

analysis tim
e 87 % off

solvent u
sage

&

analysis tim
e

particle size 5 µm 3 µm 2 µm

column length 150 mm 100 mm 50 mm

Solutions for Acetonitrile shortage - Downsizing 1 S090223AE

HPLC conditions

1. Myricetin

2. Quercetin

3. Apigenin

4. Kaempferol

5. Baicalein

6. Chrysin

7. Acacetin

Eluent

Temperature

Detection

Sample

: acetonitrile / water / formic acid

  (35 / 65 / 0.1)

: 40

: UV at 260 nm

: Flavonoids

CHG: I.D. & Flow rate

CHG: particle size & column length



S090223BESolutions for Acetonitrile shortage - Downsizing 2

Additional savings on Acetonitrile (ACN) usage can be realized by moving to a 2 micron particle.  Moving from a 5 micron, 4.6 x 

150 mm column to a 2 micron, 2.0 x 50 mmm column within the YMC-Pack Pro C18 family of particles results in again maintaining 

selectivity and resolution across particle sizes while allowing for reductions in run time and ACN usage of 90% or better!

HPLC conditions : acetonitrile / water / formic acid (35/65/0.1), 40    , UV at 260 nm
Sample                : Flavonoids (1. Myricetin, 2. Quercetin, 3. Apigenin, 4. Kaempferol, 5. Baicalein, 6. Chrysin, 7. Acacetin)

1 2
3

4
5 6

7

CHG: column size for Ultra-fast LC

0

mV

100

50

150

0.0 5.0 10.0 15.0 20.0 30.0 [min]25.0

CHG: flow rate = 3x, maintaining the resolutions and theoretical plate numbers

0

mV

100

50

0.0 5.0 10.0 15.0 20.0 30.0 [min]25.0

1

2

3

4

5

6

7

J060222M

J060303B

YMC-UltraHT Pro C18, 50 X 2.0 mmI.D., 2 µm  

1

2

3

4
5

6

7

0

mV

100

50

0.0 5.0 10.0 15.0 20.0 30.0 [min]

0

mV

100

50

0.0 0.5 1.0 1.5 2.0 2.5 [min]3.0

25.0

J060223F

YMC-UltraHT Pro C18, 50 X 2.0 mmI.D., 2 µm  

Solvent volume  : 25 mL
(analysis time 25 min) X (flow rate 1.0 mL/min)
5 µL injection, 8.5 MPa

Solvent volume  : 1.8 mL
(analysis time 9 min) X (flow rate 0.2 mL/min)
1 µL injection, 9.4 MPa

66 % off

analysis tim
e

Solvent volume  : 1.8 mL
(analysis time 3 min) X (flow rate 0.6 mL/min)
1 µL injection, 30 MPa

90 % off

analysis tim
e

YMC-Pack Pro C18, 150 X 4.6 mmI.D., 5 µm  

Standard condition as criterion

93 % off

solvent u
sage

93 % off

solvent u
sage



Solutions for Acetonitrile shortage - Solvent modification F090219AE

methanol/water0 20 40 60 80 100

THF/water
0 20 40 60 80 100

acetonitrile/water0 20 40 60 80 100

ref.:  P.J.Schoenmakers, J.Chromatogr., 185, 179 (1979), P.J.Schoenmakers, J.Chromatogr., 218, 259 (1981)

The current shortage and increasing price of acetonitrile (ACN) has generated interest in conservation and efficient utilization of 

ACN during chromatography. In some applications, changing the eluent from ACN to methanol is possible.  The separation of 

flavonoids is just such an example.

Indication for modifying of organic solvents

Rs(3,4)  1.86

Rs(3,5)  1.91

N(7)    10900

P = 10.9 MPa

Solvent modification 1 : switch from acetonitrile to methanol

Conventional method as criterion

methanol/water/formic acid

(45/55/0.1)

methanol/water/formic acid

(55/45/0.1)

P = 11.4 MPa

Rs(3,4)  3.19

Rs(4,5)  5.23

N(7)    12200

P = 6.5 MPa

F090204C

1
2

4
5 6

7

3

0 10 20 30 40 50 min

0

80

mAU

acetonitorile/water/formic acid

(35/65/0.1)

0 10 20 30 40 50 min

F090203A

1 2
3

4 5

0

80

mAU

1
2

3

4 5
6

7

F090203B

0 10 20 30 40 50 min

0

80

mAU

A table of relative elution power for solvents used in reverse phase chromatography can be viewed as: 
(    1 )

(water)  <  Methanol  <  Acetonitrile  <  DMF  <  Ethanol  <  Propanol  <  THF  <  Ethyl acetate

Eluent powerweak strong
(    2 )

(    2 ) Due to the compatibility, it cannot be made as AcOEt-aq without additives.(    1 ) It is not always the case.  It is mainly affected by the mix rate of solvent or the solubility of samples.

The application to the left is an example of solvent-switch from 

ACN to MeOH.  The flavonoids were analyzed with 45%-

MeOH, switched from 35%-ACN.  The elution order of peaks 3 

and 4 reversed as is often the case when substituting solvents 

in this manner.  In addition to the elution order, the retention 

time and resolution between peaks may be changed when the 

eluent is modified in this manner. Thus re-confirmation of each 

peaks identity is required when changing solvents.  

Additionally substituting MeOH for ACN will increase the 

viscosity of the eluent and the resulting system back pressure 

using MeOH will be higher than that of ACN.  Reduction of the 

flow is often necessary  to keep the system pressure at 

acceptable levels.  In this application however, the flow rate 

was not adjusted.  When using 45%-MeOH in this example, 

peaks 6 and 7 did not elute even though the column was run 

for more than 50min. The eluent was then modified in order to 

shorten analysis time.

The analysis time using 55%-MeOH was about the same time 

(25min) as the initial method (using ACN).  Finally every peak 

was able to analyzed with baseline resolution.

Sample : Flavonoids

   1.  Myricetin

   2.  Quercetin

   3.  Apigenin

   4.  Kaempferol

5.  Baicalein

6.  Chrysin

7.  Acacetin

Column

Flow rate

Temperature

Detection

YMC-Pack Pro C18 

 (5 µm, 12 nm) 

150 X 4.6 mmI.D.

1.0 mL/min

40

UV at 260 nm

:

:

:

:

peak 6,7 didn't elute out

The below chart illustrates the correlation between the solvent strength and the mix ratio (on a %v/v basis) of solvents mainly used 

in reversed-phase chromatography (e.g. 40% ACN = 50% MeOH = 32% THF). (    1 )



Solutions for Acetonitrile shortage - Adjustment by additives F090219BE

Eluent   :  methanol/additive/water/formic acid (45/5/50/0.1) 

Adding ethyl acetate or THF to methanol is effective in this analysis.  Good 

resolution between peaks and shortened analysis time (productivity increase) are 

obtained by substituting equivalent volumes of ethyl acetate or THF for the same 

volume of methanol.

methaol/water/formic acid

(50/50/0.1)

F090127A

1
2

3

4
5 6

7

Rs(3,4)  1.87

Rs(3,5)  1.76

N(7)      7800

P = 11.4 MPa

0 10 20 30 40 50 min

0

80

mAU

Additive

2-propanol

F090130B

1
2

3

4
5 6

7

0 10 20 30 40 50 min

0

80

mAU
Rs(3,4)  1.27

Rs(3,5)  0.63

N(7)    10800

P = 12.0 MPa

tetrahydrofran

(THF)

F090129A

1
2

3

4

5 6

7

0 10 20 30 40 50 min

0

80

mAU Rs(3,4)  3.61

Rs(3,5)  3.37

N(7)    10700

P = 11.5 MPa

 ethyl acetate

F090128A

1
2

3

4

5
6

7

0 10 20 30 40 50 min

0

80

mAU Rs(3,4)  2.45

Rs(3,5)  2.99

N(7)    12200

P = 11.2 MPa

Solvent modification 2 : Study of addivites to methanol

Optimizing resolution and/or the analysis time by modifying the solvent from acetonitrile (ACN) to methanol is often a difficult task.  

Addition of a third solvent might provide the desired results, but method development requires more time and effort.  The application 

below shows how addition of a 3rd solvent (additive) to optimize chromatography as a second step after switching from ACN to 

methanol can give good results.

The chromatograms seen below are result of modifing the solvent eluent from 50%-methanol to 45%-methanol and 5%-additives.

Analysis of flavonoids with methanol as criterion

N,N-dimethylformamide

(DMF)

F090130C

1
2

34, 5 6

7

0 10 20 30 40 50 min

0

80

mAU

N(7)   11200

P = 11.4 MPa

peak 4 and 5 are eluted out
at the same time

Column

Flow rate

Temperature

Detection

YMC-Pack Pro C18 

 (5 µm, 12 nm) 

150 X 4.6 mmI.D.

1.0 mL/min

40

UV at 260 nm

:

:

:

:

1.  Myricetin

2.  Quercetin

3.  Apigenin

4.  Kaempferol

5.  Baicalein

6.  Chrysin

7.  Acacetin

Sample  :  Flavonoids



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


