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• Why SPP?
• High throughput screening

– Speed, selectivity and sensitivity

• Qualitative results
• Summary/Conclusions

<10 minutes screening
High resolution LC and MS are important

Overview
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SPP Technology
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HALO 90 Å, 2.7 µm

Fully Porous Particle (FPP)

Superficially Porous Particle (SPP)

1.7 µm 2.7 µm

0.5 µm

Shell with 90 Å pores
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Point out FPPs on the left contrasted to SPPs on the right.At this point most people are familiar with superficially porous (fused-core) particle technology.  It’s simply that!  As opposed to a fully porous particle,, the SPP has a porous silica shell fused to a solid silica support (core).  HALO Fused-core particles are unique high-purity silica particles for stable, highly efficient packed columns that are capable of very fast separations with modest back pressures.0.5 µm shell, a compromise of efficiency and capacity2.7 µm particle, a compromise of back pressure and performanceIn stark comparison to the Horvath pellicular particle, the modern SPP design of HALO offers a 0.5 um porous layer on a 1.7 um solid silica core which retains 75% of the surface area and retention factor compared to the same-size porous particle. Great flexibility can be achieved by adding a different layer thickness and porosity to various cores and optimize performance for many applications. This unique particle design exhibits the high efficiency of a smaller particle at the low pressure drop of a larger particle. Shell to particle ratio was important – don’t want to give up too much surface area by having a thin shell and don’t want to have too much back pressure by having too small of a particle



Column selection – SPEED & Performance

J.J. DeStefano, T.J. Langlois, & J.J. Kirkland, J. Chromato. Sci., 2008, 46(3), 254-260
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• Secondary metabolites of fungi
– Low molecular weight
– Toxic in low concentrations
– Chemically and thermally stable during food processing
– Term first used in 1962 after 100,000 turkey chicks died after eating 

peanut meal contaminated with aflatoxins

• Major mycotoxins
– Aflatoxins, citrinin, ergot alkaloids, fumonisins, ochratoxins, patulin, 

trichothecenes, and zearalenone

Mycotoxins
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Sorghum - our grain of choice
• Drought tolerant 
• 3 different lots were blinded 

– animal feed 
– human consumption
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Cycle – how are we affected?
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Cycle – how are we affected?

Fungal infection
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Fungal infection

MTOX Production

Cycle – how are we affected?

9

Presenter
Presentation Notes
Animate slideClean grain (not infected)Clean grain gets infected (several ways) Sold for animal and human consumptionEffected/infected 



Fungal infection

MTOX Production
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Secondary mycotoxicosis

Cycle – how are we affected?
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Screening Methodology

Simple, fast and highly sensitive:
– Sample Preparation – UNADULTERATED 

• Pressure, liquid, temp
• Small scale ‘ASE’ approach for sample preparation
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Screening Methodology

Simple, fast and highly sensitive:
– Column separation 

• Superficially porous particle technology
• PFP and C18 selectivities
• Column dimensions: 2 µm dp, 2.1 × 50 mm, 90Å
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Temperature: 60 ◦C
Flow rate: 400 µL/min
Injection volume: 0.5 µL
Mobile Phase A: 0.1% formic acid and 5 mM 
ammonium formate in water
Mobile Phase B: : 0.1% formic acid and 5 mM 
ammonium formate in methanol
Gradient method
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RT: 0.00 - 10.00
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NL: 1.31E9
m/z= 251.09011-251.09308 F: FTMS 
+ p ESI Full ms [100.0000-800.0000]  
MS sample3_20200217113905

NL: 2.40E8
m/z= 312.62820-313.62820 F: FTMS 
+ p ESI Full ms [100.0000-800.0000]  
MS sample3_20200217113905

NL: 7.60E7
m/z= 315.08293-315.08957 F: FTMS 
+ p ESI Full ms [100.0000-800.0000]  
MS sample3_20200217113905

NL: 3.35E9
m/z= 318.65440-319.65440 F: FTMS 
+ p ESI Full ms [100.0000-800.0000]  
MS sample3_20200217113905
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MS sample3_20200217113905
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m/z= 331.06000-331.08000 F: FTMS 
+ p ESI Full ms [100.0000-800.0000]  
MS sample3_20200217113905

Standard separation - EIC
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Aflatoxin B2

Nivalenol and Aflatoxin B1

Citrinin

Zearalenone

Aflatoxin M1

Aflatoxin G1

Aflatoxin G2

Gliotoxin



RT: 0.00 - 10.00
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Standard separation EIC
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15-Acetyldeoxynivalenol &
3-Acetyldeoxynivalenol

Fusarenon X

Diacetoxyscirpenol

Ochratoxin B

Neosolaniol

Fumonisin B3 and B2

HT-2

T-2

Isomers- advantage of column



Screening 3 grains - TIC
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RT: 0.00 - 11.00
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Identification: Exact Mass Confirmation

Aflatoxin B2

Citrinin
Aflatoxin B1
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Sample C

Isotopic resolution
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RT: 0.00 - 10.00

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

6.85

4.86 7.87

7.66
8.65 8.67

8.62 8.696.776.433.66 7.35
8.758.576.99

7.92
8.858.076.25

8.976.20
9.036.04 9.15

5.94 9.460.29 9.545.27 5.48 9.644.98
4.07

3.930.39 4.803.17 4.130.70 3.042.702.451.29 1.63

NL: 4.71E9
TIC F: FTMS + p ESI 
Full ms 
[250.0000-800.0000]  
MS 
Dupont_grain_1in10dilut
ion_20200218121509

Selectivity Differences 

PFP
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Unique advantages with different retention behavior
• C18 is not a ‘universal’ column
• Mitigates difference in ion suppression/enhancement
• Matrix effects differ with PFP and C18 

RT: 0.00 - 11.00
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Mycotoxin screening
Compound Formula Precursor 

ion Sample A Sample B Sample C

Citrinin C13H14O5 251.0860 Y Y N/D

Nivalenol C15H20O7 313.1235 N/D Y Y

Aflatoxin B1 C17H12O6 313.0662 N/D Y Y

Aflatoxin B2 C17H14O6 315.0820 N/D Y N/D

Zearalenone C18H22O5 319.1491 Y Y Y

Aflatoxin M1 C17H12O7 329.0604 Y N/D Y

Aflatoxin G1 C17H12O7 329.0601 N/D Y Y

Fumonisin B1 C34H59NO15 722.3868 Y N/D N/D
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Conclusion

• < 10 minutes screened mycotoxins in sorghum
–High resolution and speed is critical 
–No universal separation column 

» PFP and C18 selectivity differences
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Superficially Porous Technology

Dr. Joseph Jack Kirkland 

May 24, 1925 – October 30, 2016

150 peer reviewed publications
28 patents
8 books on HPLC
Educated > 5000 people

Innovations

Zipax, 1969

Permaphase, 1972

Zorbax, 1972

Zorbax-Rx, 1988

StableBond, 1989

Poroshell, 2000

HALO, 2006

HPLC Pioneer
One of the founders of 
HPLC conference
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Milestones in Fused-Core® History
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Superficially porous particles (SPPs) were first proposed by Golay

Jack Kirkland (DuPont Company), inspired by Horvath, Preiss, and Lipsky’s nucleotide 
separation using ~50 µm cores containing thin layer of anion exchange resin, develops 
Zipax®, a 30 µm particle of silica sol on glass beads

Kirkland continues to develop design advantages for SPP, but totally porous particles develop rapidly and 
dominate HPLC column market. However, demand for speed and resolution create need for particle innovation 
that delivers higher performance at lower pressures.

Kirkland, Langlois and DeStefano, at Advanced Materials Technology, Inc. were first to commercialize 
Fused-Core® silica particle smaller than 3 µm (HALO® 2.7 µm)  to meet these demands

AMT continues to be a leader in development and commercialization of novel packing materials for both small 
and large molecules (HALO® BioClass 160Å and 400Å and HALO® 90 Å 2µm)

First 1000Å SPP product for large molecule analysis with development by Boyes and Kirkland

The innovation continues…..

1960

1969

2006

2017

Today

AMT celebrates its tenth year of innovative solutions for challenging separations 2015

2009

2014

25
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The concept of SPP is not new.  Dating back to 1960 Golay first proposed these particles for use in gas chromatography.These 2.7 um particles created a revolution in HPLC technology because they came at a time of the emergence of a back pressure revolution.  The UPLC was introduced and scientists were told they needed this expensive technology if they wanted improved resolution.  Because let us not forget – high back pressure is not a goal, but rather a consequence of using small particles. The performance of SPP was comparable to sub-2 um fully porous particles but with about half to 2/3  the back pressureNow scientists with 400-600 bar systems could use their existing instrumentation for very high efficiencies and faster separations.1000A first mover product as AMT recognizes the importance of choosing the appropriate pore size for bioanalaysis of large molecules, particularly for mAbs and studying intact proteins



0 1 2 3 4 5 6 7 8 9 10
0
2
4
6
8

10
12
14
16
18
20

Mobile Phase Velocity, mm/s

Pl
at

e 
He

ig
ht

, 
µm

5 µm FPP

3.5 µm FPP

2.7 µm Fused-Core

1.8 µm FPP

Columns: 4.6 x 50 mm, 
FPP C18, 5 µm 
FPP C18, 3.5 µm
FPP C18, 1.8 µm
HALO C18, 2.7 µm

Solute: naphthalene
Mobile phase: 60% ACN/40% 
water 24 °C


	Screening Mycotoxins on Sorghum Grain via�Superficially Porous Particle Columns�
	Overview
	SPP Technology
	Column selection – SPEED & Performance
	Mycotoxins
	Sorghum - our grain of choice
	Cycle – how are we affected?
	Cycle – how are we affected?
	Slide Number 9
	Slide Number 10
	Screening Methodology
	Screening Methodology
	Standard separation - EIC
	Standard separation EIC
	Screening 3 grains - TIC
	Identification: Exact Mass Confirmation
	Selectivity Differences �
	Mycotoxin screening
	Conclusion
	Acknowledgements
	Extra slides
	Superficially Porous Technology
	Milestones in Fused-Core® History
	Slide Number 24

