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With the start of every New Year, 
the marketing focus shifts to getting 
ready for the upcoming Pittsburgh 
Conference.  This year we will be 
staying close to home at Chicago’s 
McCormick Place on February 26th 
for our 16th PITTCON.  All of us at 
PIKE will be attending; we hope to 
see you soon in the Windy City!

In addition, we will have several 
new products to show at PITTCON 

2007.  We will be introducing new 
specular refl ectance accessories for 
UV/VIS spectrophotometers, a graz-
ing angle ATR accessory for the 
analysis of monolayers on silicon 
(see article on pages 2-3) and a new 
high performance NIR fi ber optic ac-
cessory (photo - next column).

We will also be showing a new ab-
solute refl ectance accessory for mea-
surement of sample refl ectivity by 
FTIR and a spectro-electro chemical 
cell.
There will be a few surprises at the 

booth too!  Please stop by our 
booth (#3010) to visit and discuss 
your applications and receive a free 
gift from PIKE!

Welcome to the Winter 2007 edition of 
the PIKE Refl ections newsletter.  With 
the new year upon us, I wanted to share 
with you some refl ections on 2006 at 
PIKE Technologies.   Thanks to all of 
our customers and distributors, 2006 
was the sixth year in a row we have set 
a new record for business.  We owe a 
great deal of thanks to you for making 
this all possible.  Although we have 
undergone a lot of changes at PIKE in 
order to keep up with this growth, we 
never want to lose sight of the impor-
tance of having total customer satisfac-
tion, one customer at a time.

One of the biggest success stories for us 
in 2006 has been the continued grow-
ing acceptance of the single refl ection 
ATR technique, and specifi cally the 
PIKE MIRacle™ ATR System.  We 

believe the PIKE MIRacle is the most 
universal sampling accessory available 
for today’s infrared analysis. Last year, 
orders for the MIRacle increased more 
than any other PIKE product.  In fact, 
the MIRacle is in all accounts PIKE’s 
most successful product.  If you do not 
already have a MIRacle, please give us 
a call and we will help fi nd you ways 
for this exceptional product to save time 
and improve your infrared sampling ca-
pabilities.

I’d like to introduce you to the MIRacle 
production team at PIKE.  As you can 
imagine, orders for the MIRacle ATR 
have increased so much that we started 
to get behind.  So, that’s when the MIR-
acle team really stepped up.  Three new 
team members were hired and trained 
and new equipment was purchased.  
The result is increased capacity that has 
MIRacle deliveries occurring as fast 
as ever.  Pictured here is the MIRacle 
production team: (from left to right) 
Josh Church, Charlene “Charlie” Porter 

(MIRacle team leader), Eugine Ham-
oonga, Shawn Gardner, Paula Haenel, 
Debbie Burns and Stu Smith (Produc-
tion Manager).  The MIRacle team is 
looking forward to building a lot more 
just as soon as you need them!  

We again wish to thank you for your 
business in 2006 and we look forward 
to the opportunity to help with your 
spectroscopy applications in 2007 as 
well.  All of us at PIKE hope that you 
have a very Happy and Healthy New 
Year!

N e w s l e t t e r   f o r   P r a c t i c i n g   C h e m i s t s   a n d   S p e c t r o s c o p i s t s
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N-(2-aminoethyl)-3-aminopropyltri-
methoxysilane (EDA), trimethoxysilyl-
propyldiethylenetriamine (DETA), and 
m, p-(aminoethyl-aminomethyl)phenet
hyltrimethoxysilane (PEDA)) were pur-
chased from Gelest Inc. (Morrisville, 
PA) and used as received (see Fig. 1 for 
structures). Freshly prepared si-
lane solutions in anhydrous toluene (ca. 

1.0% w/w) were used for the prepara-
tion of SAMs.
Silicon wafers are cut into small pieces 
(ca. 5 x 5 mm2), cleaned in a mixture 
of deionized water (50%) and ethanol 
(50%) until visibly clean, and rinsed 
with deionized water. After that, silicon 
wafers are sonicated in Piranha solu-
tion (a mixture of 30% H2O2 and 70% 
of concentrated sulfuric acid) for one 
hour, rinsed with a copious amount of 
deionized water, and dried in a stream 
of nitrogen gas. Ultra-clean bare silicon 
substrates are soaked in a silane solu-
tion to prepare SAMs for a day. After 
the formation of SAMs, silicon sub-
strates are rinsed with toluene, ethanol, 
and deionized water and fi nally dried 
using nitrogen gas before FTIR data 
collection.

   Probing Organic Self-Assembled Monolayers (SAMs) on
   Silicon by FTIR with Single Refl ectance ATR 
           by Jamie Kim, PhD., Department of Chemistry, State
 University of New York, Buffalo State, 1300 Elmwood
 Ave., Buffalo, NY 14222

The formation of organic silane-based 
self-assembled monolayers (SAMs) 
on silicon substrates provides a simple 
opportunity to introduce chemically 
well-defi ned thin fi lms at the molecular 
scale.1-4  Variations in terminal groups 
and structures of SAMs have greatly 
extended the utility of silicon as a solid 
substrate by presenting specifi c chemi-
cal and physical properties.  Amine-
terminated SAMs, for example, are of 
interest because further chemical modi-
fi cations of terminal amine groups can 
facilitate the controlled immobilization 
of biomolecules via either peptide link-
age (e.g., proteins) or phosphoramidite 
linkage (e.g., oligomer nucleic acids) 
with an ultimate application to biosen-
sor development.2-4

SAMs on silicon substrates have been 
characterized by various analytical tech-
niques including Fourier transform in-
frared spectroscopy (FTIR)3 and X-ray 
photoelectron spectroscopy (XPS)3,4.  

In particular, FTIR with single-refl ec-
tance attenuated total refl ection (ATR) 
has proven to be feasible technique to 
obtain spectroscopic features regarding 
organic thin fi lms.5,6 Compared to con-
ventional Brewster angle transmission7 
and external refl ection methods,8 single 
refl ectance FTIR-ATR using germa-
nium (Ge) crystal produce spectra with 
an enhanced signal to noise (S/N) ratio. 
Herein, the preparation and modifi ca-
tion of representative amine-terminated 
SAMs on silicon substantiates and their 
characterization via single-refl ectance 
FTIR-ATR are described. 

Experimental and Results
Four amino-terminated silanes (3-
aminopropyltriethoxysilane (APS), 

Further surface modifi cations of PEDA 
SAMs were conducted by either physi-
cal modifi cation or chemical reaction 
by the use of ribofl avine-monophos-
phate (RFM). Physical modifi cation 
was conducted by the adsorption of 
RFM via electrostatic interactions. Sil-
icon substrates with PEDA SAM were 
soaked in an aqueous solution of RFM 
(~ 10mg/mL) for 15 min, rinsed by a 
copious amount of deionized water, and 
dried in a stream of nitrogen gas before 
data collection. Chemical coupling was 
carried out a solution containing RFM 
(~ 10mg/mL) and a coupling agent, 

(1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (EDC, 15 
mg/mL), for 24 h.3  After chemical re-
action, silicon substrates were cleaned 
and dried before data collection.

A VeeMAXTM II (Part No. 013-10XX, 
PIKE Technologies) equipped with 
ATR crystal plate (Part No. 013-4050, 
PIKE Technologies) and ATR pressure 
clamp (part no. 013-3100, PIKE Tech-
nologies) was placed in the sample 
compartment of a FTIR spectrometer.  
Since the signal intensity from the in-
terface is proportional to the refractive 
difference between ATR crystals and 
silicon substrates, a Ge ATR crystal 
was chosen.5,6  The angle of incidence 
of the infrared beam was set ca. 60° 
with respect to the normal plane of the 

Figure 1.  Structures of amino-terminated silanes.
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   Probing SAMs on Silicon - Continued

sample surface. Silicon substrates were 
placed (face down) between the Ge 
crystal and the tip of pressure clamp. 
A special pressure tip with 7.8 mm in 
diameter with a swivel was used to ap-
ply even pressure at full force of the 
clamp.

For each FTIR spectrum, data was 
collected using 200 scans with 4 cm-1 
spectral resolution. The VeeMAX ATR 
accessory was equipped with a ZnSe 
polarizer set for p-polarization.  The 
FTIR spectrometer was equipped with 
a deuterated triglycine sulfate (DTGS) 
detector.

Fig. 3 shows FTIR data obtained from 
amine-terminated SAMs of APS, EDA, 
DETA, and PEDA on silicon wafers in 
the range between 3600 and 900 cm-1. 
All FTIR spectra contain similar fea-
tures with different intensities around 
2900 cm-1 which are responsible for sev-
eral CH stretch modes from CH-back-
bones. However, different absorption 
features were also observed in the 2000 
to 900 cm-1 region depending on silanes 

in SAMs.  FTIR spec-
tra for modifi ed PEDA 
SAMs are presented in 
Fig. 4. Compared to the 
data of PEDA, new fea-
tures around 1710 and 
1570 cm-1, which cor-
respond to υ (C=O) and 
υ (NH) from RFM are 
observed.2-4  Results in-
dicate that RFM mol-
ecules were present on 
the surface either from 
electrostatic interactions 
or chemical coupling.

In conclusion, FTIR-
ATR has proven to be 
a convenient and reli-
able analytical technique 
to monitor the forma-
tion and modifi cation of 
SAMs on silicon sub-
strates. Compared to 
conventional surface an-
alytical tools, presented 
single refl ectance FTIR-
ATR using a Ge crystal 
provides a feasible and 
convenient way to obtain 
fi ngerprints of SAMs on 
silicon substrates.
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Figure 3.  Single refl ection ATR spectral data for 
amino terminated silanes.

Figure 4.  Single refl ection ATR spectral data for 
RFM modifi ed amino terminated silanes on silicon.

Figure 2.  VeeMAX ATR accessory 
used for analysis of SAMs on silicon.
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  Fall in love with our special Valentines Day offer!
        by Krista Garcia

  PIKE Events Calendar  $1,000 Question & Answer

Our $1,000 ques-
tion in our last 
newsletter was - 
“What is the name 
of Scott Little’s 
new dog?”.

Congratulations to Dr. Hind Al-Abed-
leh of Wilfred Laurier University, you 
are our winner!  Scott Little’s new 
dog is named Max; he doesn’t have 
maximum throughput, but it seems he 
gets maximum attention when visiting 
PIKE!  Thank you all for your replies 
to our question.  As in previous con-

tests we had several correct answers and 
we used the offi cial PIKE fi sh bowl to 
draw the winner.

Our new question is more technical.  
“What ATR crystal material, at least as 
hard as ZnSe, would give a greater depth 
of penetration compared to ZnSe?”.  
Please assume a constant sample refrac-
tive index and fi xed angle of incidence.

Send your answers to sales@piketech.
com and you could the the win-
ner of a $1,000 accessory discount.

.....to give you a good 
deal??  Well, want no 
more!  Your great deal 

is here!  In celebration of the holi-
day of love, for a limited time only if 
you purchase any confi guration of the 
PIKE μMAX in-sample-compartment 
microscope at the regular price, we 
will send you the new PIKE Deluxe 

Microsampling Kit (pictured right) for 
FREE!  This Deluxe Kit includes 5 KBr 
windows, 2 gold mirrors, a 3-Position 
Sample Holder, a Mini-Plane with your 
choice of the Carbide or Diamond blade 
and the Micro Compression Cell and is 
yours FREE for a limited time only!!

Please contact me by email 
(garcia@piketech.com) or by phone 

(608-274-2721) to take advantage of 
this special, limited-time offer.  Thanks 
and I look forward to giving you your 
Deluxe Microsampling Kit soon!

AAFS, Feb 19 
- 24, San Antonio, 
TX  Booth #120

PITTCON 2007,
Feb 25 - Mar 
1, Chicago, IL, 
Booth # 3010

ACS Spring, Mar 
25-29, Chicago, 

Please stop and see us at one of 
these locations!


