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Abstract
Reversed- phase LC columns  and Sorbent  development has experienced  
chromatographic performance improvement in terms  of  ULTRA pure 
silica, New End capping Reagents and chemistries, along with  
improvement  in Bonding technology, innovative hybrid silica particle  and 
high speed fused core  Sorbents as well as sub 2 micron high efficiency  
sorbents and columns. These new innovative contributions are well 
recognized and accepted in HPLC work practices. 

In regards to Bonding chemistries, most of reversed phase silica 
materials are monomerically or polymerically bonded with alkyl chain, 
then end-capped with trimethylsilane or hexamehyltrisiloxane etc.  In this 
study, polyfunctional silyl-reagent was synthesized with 
octadecyltrimethoxylsilane and hexamethyldichlorotrisiloxan. This reagent 
is called hexamethyloctadecyltetrasiloxane (HMODTS – C18). We are able 
to bond the Chromatographic Silica particles with this reagent and finally 
end-cap with trimethylchlorosilane .

The resultant Sorbent was evaluated for chromatographic performance 
for resolving acidic and basic compounds in various Mobile phase 
compositions and Buffers. Stability of this phase was evaluated under both 
acidic and basic pH at high temperature. This phase showed symmetrical 
peaks of both acidic and basic compounds such as Formic acid and 
Amitriptyline. Interestingly enough we observed a symmetric peak of 
Amitriptyline in Mobile phase consisting of Acetonitrile and Ammonium 
acetate compositions. Majority of the C18 columns showed a long  tailing 
peak of Amitriptyline under similar conditions. We observed that the  
Column life was more than 500 hours from pH 1.5 to pH 10 at 50 degree 
Celsius. A novel bonding technique using a polyfunctional silyl-
reagent(HMODTS – C18) could make effect of residual silanol groups the 
least and hence offer a tailing free chromatographic performance as well as 
endurance at elevated temperatures. 
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Bonding state of HMODTS on silica Bonding state of HMODTS on silica 

An Arm of HMODTS moves like a Geometrid caterpillar, so that a functional 
group on the tip of the arm can bond with a silanol group which Is located 
anywhere. 
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TF(4)=1.06

N(4)=8,950
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N(4)=10,000
TF(4)=1.50

N(4)=10,500
TF(4)=1.07

CHCH33OH, pH7.5, 40 OH, pH7.5, 40 ºCºC

Sunniest C18 （HMODTS)
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Sunniest RP-AQUA

Column size: 150 X 4.6 mm
Particle size: 5 mm
Mobile phase:  
CH3OH/20mM Phosphate buffer pH7.5=80/20
Flow rate: 1.0 mL/min
Temperature: 40 ºC
Sample: 1 = Uracil

2 = Propranolol

3 = Nortriptyline

4 = Amitriptyline
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CHCH33CN, pH7.0, 40 CN, pH7.0, 40 ºCºC
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Sunniest RP-AQUA

Column size: 150 X 4.6 mm
Particle size: 5 mm
Mobile phase:  
CH3CN/20mM Phosphate buffer pH7.0=60/40
Flow rate: 1.0 mL/min
Temperature: 40 ºC
Sample: 1 = Uracil

2 = Propranolol

3 = Nortriptyline

4 = Amitriptyline
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Evaluation of endEvaluation of end--cappingcapping
Comparison of Comparison of amitriptylineamitriptyline peak IIpeak II--BB

Column size: 150 X 4.6 mm
Particle size: 5 mm
Mobile phase:  
CH3CN/20mM Phosphate 
buffer pH7.0=60/40

Flow rate: 1.0 mL/min
Temperature: 40 ºC
Sample: Amitriptyline

Column TF N Column TF N

Sunniest C18 (HMODTS) 1.04 12,500 Develosil ODS-UG-5 2.14 8,700 

Sunniest RP-AQUA 1.12 12,800 Gemini-NX C18 1.09 9,500 

Acclaim PolarAdvantage II 5.19 3,300 Hiber Purospher STAR RP-18e 2.01 11,200 

Acclaim 120 C18 2.19 14,200 Inertsil ODS-4 1.30 12,000 

ACE C18 3.25 5,300 Inertsil ODS-SP 2.92 8,000 

Ascentis C18 1.74 8,300 Inertsil ODS-3 2.70 6,100 

Atlantis T3 C18 1.97 10,600 L-column ODS 1.56 10,400 

SunFire C18 1.59 10,100 Shim-pack VP-ODS 3.44 6,700 

X-Bridge C18 1.33 10,000 TSKgel ODS-100V 1.71 10,000 

Cadenza 5CD-C18 3.07 8,500 TSKgel ODS-100Z 2.15 11,500 

Unison US-C18 2.52 9,200 Wakopak Navi C18-5 11.1 2,100 

CAPCELLPAK C18 MG II 2.01 10,900 YMC-Pack Pro C18 3.77 7,400 

CAPCELLPAK C18 MG III 7.75 3,600 ZORBAX Eelipse Plus C18 3.28 5,900 

Comparison of 4 kinds of mobile phaseComparison of 4 kinds of mobile phase

Column: Sunniest C18 (HMODTS), 5 mm  150 x  4.6 mm
Mobile phase: 
A) CH3OH/20mM Phosphate buffer pH7.5 = 80/20
B) CH3OH/20mM Phosphate buffer pH6.0 = 80/20
C) CH3CN/20mM Phosphate buffer pH7.0 = 60/40
D) CH3CN/10mM Ammonium acetate pH6.8 = 40/60
Flow rate: 1.0 mL/min
Temperature: 40 ºC for A, C and D, 22 ºC for B 
Sample: 1 = Uracil, 

2 = Propranolol, 
3 = Nortriptyline, 
4 = Amitriptyline, 
5 = Toluene
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Stability under acidic conditionStability under acidic condition

Test condition
Column size: 150 x 4.6 mm
Mobile phase: 

CH3CN/1.0% TFA, 
pH1=10/90  
Flow rate: 1.0 mL/min
Temperature: 80 ºC

Measurement condition
Column size: 150 x 4.6 mm
Mobile phase: 

CH3CN/H2O=60/40
Flow rate: 1.0 mL/min
Temperature: 40 ºC
Sample: 1 = Uracil

2 = Ethylbenzene
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Stability under basic pH condition at 50 Stability under basic pH condition at 50 ºCºC
Durable test condition
Column: Sunniest C18 (HMODTS),  5 mm  

150 x4.6 mm
Mobile phase:  CH3OH/20mM Sodium 
borate /10mM NaOH=30/21/49 (pH10)
Flow rate: 1.0 mL/min
Temperature: 50 ºC

Measurement condition
Column: Sunniest C18 (HMODTS),  5 mm

150 x 4.6 mm
Mobile phase: CH3OH/H2O=75/25
Flow rate: 1.0 mL/min
Temperature: 40 ºC 
Sample: 1 = Butylbenzene
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Sunniest C18 (HMODTS)

Column size: 150 x 2.0 mm
Mobile phase:  
A) 0.1% acetic acid
B) CH3CN

Gradient:
Time: 0min 3min 14.4min 18min 19min
%B:    5%     5%     100%     100%    5%

Flow rate: 0.2 mL/min
Temperature: 40 ºC 
MS： ABI API-4000
Ionization: Turboionspray (cation)
Measurement mode: 

Q1 Scan m/z 100-1000
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Bleed test using LC/MSBleed test using LC/MS
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Conventional C18, 5 mm

Sunniest C18, 5 mm (HMODTS)
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Loading capacity comparison of amitriptyline Loading capacity comparison of amitriptyline 

Sunniest C18, 5 mm 
(HMODTS)

Conventional C18, 5 mm

Condition
Column dimension: 150 x 4.6 mm
Mobile phase: Acetonitrile/0.1% 

formic acid (30:70)
Flow rate: 1.0 mL/min
Temperature: 40 ºC
Detection: UV@250nm
Sample: Amitriptyline (0.27mg/mL)
Injection Volume:0.2, 1, 2, 4 and 8 mL
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Only 5 ug of amitriptyline injection (0.2 mL) allows peak shape to be good for any RP-columns.

Stability of retention under 0.1% formic acid Stability of retention under 0.1% formic acid 
mobile phasemobile phase
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Condition
Column dimension: 150 x 4.6 mm
Mobile phase: Acetonitrile/0.1% 

formic acid (30:70)
Flow rate: 1.0 mL/min
Temperature: 40 ºC
Detection: UV@250nm
Sample: Amitriptyline (0.27mg/mL)
Injection Volume:0.2 mL

 Polyfunctional silyl-reagents were developed 
using C18 silyl reagent and end-capping reagent 
such as octadecyltrimethoxylsilane, 
hexamethyldichlorotrisiloxane(HMODTS).

 Functional group of HMODTS can bond with any 
silanol groups on silica surface.

 There is the least effect of residual silanol 
groups on proposed C18 stationary phase. And 
basic compounds can be separated well without 
any restriction concerned with a mobile phase. 

 Stable retention can be obtained by proposed 
C18 in acidic, low-ionic-strength mobile 
phases such as a mixture of 0.1% formic acid 
and acetonitrile. Furthermore under a such 
condition less  tailing peaks was obtained. 

Conclusion
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Particle size: 5 mm
Pore diameter: 12nm
Surface area: 340 m2/g


