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CABOT DiamondBond™ - A New Class of Stationary Phase Media

Synthesis of Carbon Clad Zirconia Substrate

Gaseous
hydrocarbon

Nitrogen
carrier gas

Crucible containing
zirconia spherules

Bonding Reaction on Carbon Clad Zirconia

NH, -@— Y +2 HA + NaNO, = ANEN‘@‘Y +2H,0 +NaA
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Carbon Clad Zirconia Diazonium Salt

Modified Carbon Clad Zirconia

Comparison of Chemical Structure
DiamondBond™-C18 vs. ODS-Silica
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Characteristic Property
Surface area (m?/g) 22

Pore volume (cc/g) 0.13

Pore diameter (A) 250-300
Porosity 0.45

Density (gm/cc) 5.8 (2.5x silica)

Particle diameter (um) 3.0
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c%:) 22 Non-Electrolyte Solutes

Nonpolar © ©\ Q\/\Q\ ©\/\ ©\/\/

Berzene  Toluene  Ethylberzene  p-xylene  Propylbenzene ~ Butylbenzene

CL 0L O, Q. CO QL

P Olar Bromoberzene  p-Dichlorobenzene  Anisole Methylbenzoate Napthalene  Acetophenone
()
Cl, O, T "C ‘/LO
N NO NO, a

Benzonitrile Nitrobenzene p-Nitrotoluene p-Nitrobenzyl Chloride Benzophenone

HB Donor R OH OH
(0]
Benzylalcohol 3-Phenyl Propanol N-Benzyl Formamide ~ Phenol p-Chlorophenol

Mobile phase, 40/60 Acetonitrile/Water; Flow rate, 1.0 ml/min.;

_ e e T
Temperature, 30 °C; Detection at 254nm; Sul Injection volume. DIAMi#ND 80IND
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Selectivity Comparison -

CAB Carbon Character
Selectivity Selectivity
Phase (Napthalene/Benzene) (p-Xylene/Ethylbenzene)
CARB 48.6 1.63
C8-1 33.9 1.40 3 -
C8-2 31.7 1.38 S
C8-3 24.0 1.32 o
C16RP-1 14.3 1.29 5
DIAMAND:iL-C18  16.3 122 — 2 >
C18-2 9.4 1.14 S
C16RP-2 6.7 1.12 i UL
Polymer 4.0 1.08 g
C16RP/S 3.3 1.07 ° 9
ODS-3 3.3 1.05 S 2
PBD 3.3 1.03 — L & >
ODS-1 3.1 1.02 S . I
ODS-2 2.3 0.95 = e
DIAMi#ND BOND™
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cagor  Selectivity versus Ligand Density

w
—

| DIAM&NDBOND - C18

Manufacturing Specifications
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Selectivity (Methylbenzoate\Benzonitrile)
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CABOT

Absolute Retention on Silica RPAmide

Silica
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Absolute Retention on Carbon RPAmide

Effect of Polar-Embedded-Group

Carbon

3- Phenylpropanol
IN- Benzylformamlde

Benzylalcohol
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1 10 100

Absolute Retention on Carbon C18

RPAmide shows increased retention of

HB Donors, regardless of silanols

DIAM.#ND BOND™
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CABOT Typical Applications

Anticonvulsants, pH 7.0 Barbiturates, pH 7.0

1=Primidone 1=Barbital
2=Metharbital 2=Metharbital

2
4 .
3=Mephenytoin 1 3=Butethal
1 3 4=Phenobarbital 4=Hexobarbital
ﬂ ‘ \ 5  5=Phenytoin 6 S=Mephobarbital
I\ J 6=Pentobarbital

0 2 4 6 8 min 0 1 2 3 4 5 6 7 min
25/75 THF/50mM Ammonium phosphate, pH 7.0; 10/15/75 THF/ACN/20 mM Ammonium Phosphate, pH 7.0
Flow rate 1.0 ml/min.; Temp. 30 °C; Injection vol. 0.5 ul; 220nm; Flow Rate 1.0 mL/min.; Temp. 30 °C Injection vol. 5 ul; 254 nm
] NSAIDs, pH 1.75 Opioids, pH 11.0
I=Acetominaphen 3 1=Naloxone
2=Ketoprofen 2=Codeine
2 3=Ibuprofen 5 3=Ethylmorphine
3 .4 4=Naproxen 1 U( 4=0Oxycodone

0 1 2 3 4 5 6 min 0 1 2 3 4 min
50/50 ACN/50mM Phosphoric acid, pH 1.75; 26.5/73.5 THF/20mM Ammonium phosphate, pH 11.0;
Flow rate 1.0 ml/min.; Temp. 65 °C; Injection vol. 1.0 ul; 254nm;  Flow rate 1.0 ml/min.; Temp. 40 °C; Injection vol, 1.0 ul; 220nm;

DIAM.#ND BOND™
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@ Robust Method - Barbiturates

CABOT

Method Reliability - Barbiturate Mixture
I 5
2 4
3
6
\ \ ) \ Injection #480
\ Injection #400
\ Injection #100
\ Injection #1
0 2 4 6 8 10
Minutes

12

Simple Pharmaceutical
Example, pH 7.0

DIAM.#ND BOND™
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DB-CI8 at pH 12.5

—+—ZirChrom-PBD pH 12.0
9.0 —+ Gammabond RP-1 pH 12.0

5.0 Luna C18 (2) pH 10.0
- Extend C18 Rapid Res. pH 11.5
' -8 Xterra RP18 pH 12.0
5 0 ~+ DiamondBond-C18 pH 12.5
g
&
x

0.0 T T T T T T T 1
0 2000 4000 6000 8000 10000 12000 14000 16000

Column Volumes of Mobile Phase

Bonding Stability ™

DB-C18 at 200 °C

* Column names are the trademarks of their respective manufacturers.

Retention Factor (k')

—butyl
12 —propyl
ethyl
10 toluene
—benzene

\_/\_/\/
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1250 3250 5250 7250 9250 11250 13250

Column Volumes at 200 °C

DIAM.#ND BOND™
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C%:)T High pH Application

B-Blockers

3 4 Analytes

1 - Atenolol

2 - Metoprolol
3 - Oxprenolol
4 - Alprenolol

0 0.5 1 15 2 25 3 35 min

20/20/60 ACN/THF/200 mM TMAH and 200 mM NaCl, pH 13.3

Flow Rate: 1 mL/min.
Temperature: 75 °C
Injection Volume: 5 uL
Detection: 254 nm

HPLC Columns
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CABOT High Temperature Application

Resolution (min; 3,4) = 2.2
. ; Temperature = 21 °C Ana]ytes;
4 Flow Rate = 1.4 ml/min. 1=B .
= Barbital
2 } \\ ACN/Buffer = 18.5/81.5 _ :
3 A 5 Analysis Time = 43 minutes 2= Butabarblt'al
M K N 3 = Pentobarbital
i | _ _ | 4 = Carbromal
0 10 20 30 40 min 5 = Secobarbital

Resolution (min; 3,4) = 2.1 6 = Methohexital

Temperature = 50 °C Mobile Phase:

Flow Rate = 2.3 ml/min. .
ACN/Buffer = 13.5/86.5 ACN/5mM Ammonium
phosphate, pH 7.0

Analysis Time = 27 minutes

Pressure drop = 195 bar

40 min
Resolution (min; 3,4) = 2.2
Temperature = 80 °C

Flow Rate = 3.2 ml/min.

ACN/Buffer = 8.8/91.2
Analysis Time = 21 minutes

0 10 20 30 0 min DIAM: #NDECIND™
HPLC Columns




C

CABOT

Bleed Results - “No-Bleed” ODS Column

Results at room temp, pH 7.0, ACN/Buffer Gradient

Blank (No Column) ODS Silica Column

e
=

5.07¢7 cp TIC of +QI: from HSc18-1

e7
0c7
¢
0 0 25 0 2,
+QI: 14.55 min (55 scans) froj
1241
802
6¢5
4e5
1.2¢5
4 1065
5
Z 8.0c4
|
6.0c4] &
4.0e4] 1851 2
41.356.3
2.0e4 210
ik nl Kol
100 150 200

Conclusion : “No-Bleed” columns bleed

DIAM.#ND BOND™

HPLC Columns



CABOT Bleed Results - DB-C18

Results at 55 °C, pH 9.0, ACN/Buffer Gradient

Blank (No Column) DiamondBond-C18 Column

TIC of +Q1: from blank1 8.10¢7 ep TIC of +Q1: from Diamondbond-1_55 433¢7¢p
U
4.0¢7 |
7e7 \
3.5¢7
6e7 298
3.0¢7 Wy,
5e7 MﬁN / w
2 [ £
EN | 5
] | Z 2007 296 a8
2 2
- | = Py 272
1.5¢7 ’V'\'\,\,\/\“ L |
68 7.7
ser 20.1 ol 111 1.0
256 268 1.0¢7
162
17 5.0¢0
T ‘ L.
5 10 15 20 25 30 5 10 15 0 25 30
m Time, mi
+Q1: 15.98 min (44 scans) from blank 8.86e4 cp +Q1I: 13.77 min (78 scans) from Diamondbond-1_55 1.00e5 cp
690 69.0
80000 9004
o000t | 8.0e4
60000 149.1 7.0e41 34 6 3
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2 50000 00ek
g 24. &
A 52
= Z 5.0¢4
£ 40000 2
2 H 149.0
= 40041
30000
124.0 256
3.0¢4 98.1
20000
2.0c4 185.1
2413
10000 1.0e4 31sz 1723 3913 4902
84 3 576.4
" N L e N 5323 5303
200 250 300 450 500 550
mu

Conclusion : DBCI18 doesn’t bleed DIAM. #NDBOND™
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Pharmaceutical LC/MS/MS

1.4e4

1.2e4

1.0e4
8000.0
6000.0
4000.0
2000.0

Intensity, cps

XIC of +MRM (2 pairs):
975.5/908.5 amu

from Sample 1
(unex-sst) of 03060...

Max. 1865.0 cps.

N

0.0
0.0 02 04 06 08 10 12 14

1.4e4

1.2e4

1.0e4
8000.0
6000.0
4000.0
2000.0

Intensity, cps

Time, min

XIC of +MRM (2 pairs):
975.5/908.5 amu

from Sample 5 (0.5 cal)
of 030602...

Max. 1205.0 cps.

e

t Data Courtesy R. Clouette - Clinical Reference Laboratories

0.0 na
00 02 04 06 08 10 12 14

Time, min

Immunosuppressant Drugs
by LC/MS/MS?

Blue — Certican (Everolimus)
Red — Internal Standard

Column— 50mm X 4.6mm DBCI18
— 80°C @ 1.5 mL/min

— Solvent A —20mM NH,CH,CO, in
70% Acetonitrile, 30% aqueous
(0.1% acetic acid, pH 4.5)

— Solvent B — Acetonitrile

Isocratic 35% A, 65%B — 20 uL injection

HPLC Columns
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CABO Linearity and Reproducibility

Immunosuppressant (Certican) by LC/MS/MS?

| Untitled 1 (RAD): °
6.0/ 'Linear Through Zero"

O
N
o

(®))
o

@ | Regression ("No" weightifg): £ 0.
§5_0; y = 1.9 x (r = 0.9998) f;oso
% E ® |S Retention Time vs Index (RAD)-
o c 0.40 "Mean" Regression ("No" weighting):
b 9 mean = 0.652 x (std. dev. = 0.0125)
€ 0.30
3 @
> whd
s @ 0.20
< ®
0.10
0077705 1.0 1.5 20 25 3.0 0-005°50 150 250 350 450
Analyte Conc. /IS Conc. Index

DIAM. #ND EOND™

t Data Courtesy R. Clouette - Clinical Reference Laboratories HPLC Columns
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CABOT Pharmaceutical LC/MS/MS

8000 XIC of +MRM THC ln Saliva by LC/MS/MS.I-
(2 pairs):
2000 315.2/193.2 amu
from Sample 4 e Blue — THC (tetrahydrocannabinol
(0.5 cal) of
6000 030402b.... parent drug)
(72
& 000  Red — D3 THC (Internal Standard)
g e Column - 50mm X 4.6mm DBCI18
E 4000 — 80°C @ 1.5 mL/min
3000 — Solvent A —20mM NH,CH,CO, in
70% Acetonitrile, 30% aqueous
2000 (0.1% acetic acid, pH 4.5)
— Solvent B — Acetonitrile
1000 186 .
M e Isocratic 35% A, 65%B — 25 ulL

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 Injection

Time, min

t Data Courtesy R. Clouette - Clinical Reference Laboratories HPLC Columns
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or

Pharmaceutical LC/MS/MS

1.4e4

1.2e4

1.0e4
8000.0
6000.0
4000.0
2000.0
0.0

Intensity, cps

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

IS Retention Time, min

t Data Courtesy R. Clouette - Clinical Reference Laboratories

XIC of +MRM
(4 pairs): 162.8/84.2
amu from Sample 4
(5.0 cal) of Max. 6730.0 cps.
030502a....
75
45 J‘
0.2 6.4 0.6A 08 1.0 1.2
Time, min

IS Retention Time vs Index (cotinine)-
"Mean" Regression ("No" weighting):
mean = 0.445 x (std. dev. = 0.00325)

0 20 40 60 80 100 120 140 160 180

Index

Cotinine and Nicotine
in Saliva by LC/MS/MS*

— Cotinine Internal Standard
Red — Cotinine
(Green — Nicotine Internal Standard

Blue - Nicotine

Column— 50mm X 4.6mm DBCI18
— 80°C @ 1.5 mL/min

— Solvent A — 20mM NH,CH,CO, in
70% Acetonitrile, 30% aqueous
(0.1% acetic acid, pH 4.5)

— Solvent B — Acetonitrile
Isocratic 35% A, 65%B — 10uL injection

HPLC Columns
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CABOT Conclusions

* Bonded carbon phases behave as expected with respect to
ligand type and ligand density

— Polar Embedded Group has same effect as on silica

* The carbon-carbon attachment bond 1s extremely stable

— Low pH and High pH applications, High Temperature / Fast HPLC
— No bleed in LC/MS, even at high pH

* Both “normal” and high pH, high temperature applications
are possible on these new materials
— LC/MS/MS pharmaceutical applications enabled by this technology

DIAM.#ND BOND™
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