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Figure 2. (A) Representative FTIR 
spectra collected during catalyst 

heating; the catalyst temperature was 
maintained at each temperature for 
10 minutes prior to collecting each 

spectrum. Spectra were referenced 
to a pellet background collected 

at 120 °C under argon, so negative 
peaks show losses of surface species. 

Inset: Calibration curve correlating 
the FTIR and TGA data. The isolated 

OH stretching (νOH 3680 cm-1) and 
molecularly adsorbed water bending 
(δHOH 1700 – 1550 cm-1) regions were 

integrated and combined to generate 
the calibration plot. 

Figure 1.  High Temperature  
Transmisson Cell. 

INTRODUCTION 
Transmission FTIR is commonly used to determine and quantify 
functional groups on solid samples, particularly metal oxide and 
oxide supported heterogeneous catalysts. The diverse surface fea-
tures on an individual catalyst material give rise to multiple types of 
surface hydroxyls, which can vary in coordination environment, may 
or may not participate in hydrogen bonding, and may manifest as 
both acidic and basic hydroxyls simultaneously present on the same 
surface. Direct quantification of surface hydroxyl density can there-
fore be challenging.  This application note shows how the Harrick 
High Temperature Transmission Cell (HTC) can be coupled with 
thermogravimetric analysis (TGA) to quantify hydroxyl groups on 
metal-oxide surfaces.  

RESULTS AND DISCUSSION
Infrared spectra were collected on a Bruker Invenio-R FTIR spec-
trometer equipped with the Harrick High Temperature Transmission 

HIGH TEMPERATURE TRANSMISSION CELL

Characterization of Surface Hydroxyls on Metal-Oxide 
Catalysts Using High Temperature Transmission FTIR 
Coupled with Thermogravimetric Analysis
Dr. Bert D. Chandler and Kelle D. Hart
Department of Chemistry and Chemical Engineering, Penn State University, State College, PA, USA

add hyperlink: https://harricksci.com/high-temperature-cell/
add hyperlink: https://harricksci.com/high-temperature-cell/


HARRICK SCIENTIFIC PRODUCTS, INC.  
141 Tompkins Avenue, 2nd Floor, PO Box 277
Pleasantville, New York 10570  

 www.harricksci.com  |  info@harricksci.com
 International: 1-914-747-7202  | USA: 800-248-3847 
 Fax: 914-747-7209

2

APPLICATION NOTE

NO. 21179CHARACTERIZATION OF SURFACE HYDROXYLS ON METAL-OXIDE CATALYSTS 

Cell. Catalyst sample (17.4 mg) was pressed into a 
13mm pellet with a hydraulic press and mounted 
in the High Temperature Transmission Cell. The 
sample pellet was heated to 120 °C, under Ar to 
remove physisorbed water. A pellet background was 
collected at 120 °C and spectra were recorded during 
stepwise heating to 320 °C, holding the temperature 
at each step for 10 minutes.1, 2 These spectra are 
shown in Figure 2. TGA mass loss measurements 
were collected on a Discovery TGA 550—Water™ 
analyzer following the same protocol as the FTIR 
experiments. 

The spectra in Figure 2 were referenced to a 
sample background collected at 120 °C, so peaks 
with negative absorbance values correspond to the 
loss of surface vibrations. Three primary regions 
of change are apparent:  (1) narrow νOH band cen-
tered near 3680 cm-1 attributable to the loss of 
isolated surface hydroxyls; (2) a wide band spanning 
3600-2500 cm-1 attributable to the loss of surface 
hydroxyls participating in hydrogen bonding; and 
(3) a narrow band at 1619 cm-1 is associated with the 
loss of the dHOH  bending vibration of molecularly 
adsorbed water on the surface.3-6  

Figure 2 inset shows the correlation the IR peak 
areas (isolated hydroxyl integrated area added to 
the molecularly adsorbed water integrated area) 
and TGA mass loss data collected using an identical 
heating protocol.  This calibration allows us to deter-
mine the surface hydroxyl / water surface density 
at any time during subsequent experiments on the 
sample using only FTIR data. 

CONCLUSION
When coupled with the right techniques, the Harrick 
High Temperature Transmission cell can be used 
to provide quantitative surface data. Coupling 
transmission FTIR with TGA provides a method 
of determining in-situ water and surface hydroxyl 
coverage within a 5% uncertainty at various tem-
peratures and under a variety of gas atmospheres 
using only the FTIR data.

REFERENCES 
(1) Saavedra, J.; Doan, H. A.; Pursell, C. J.; Grabow, 

L. C.; Chandler, B. D. The critical role of water at 
the gold-titania interface in catalytic CO oxida-
tion. Science 2014, 345 (6204), 1599-1602. DOI: 
10.1126/science.1256018.

(2) Yun, T. Y.; Chandler, B. D. Surface Hydroxyl 
Chemistry of Titania- and Alumina-Based 
Supports: Quantitative Titration and 
Temperature Dependence of Surface Bronsted 
Acid-Base Parameters. Acs Applied Materials & 
Interfaces 2023, 15 (5), 6868-6876. DOI: 10.1021/
acsami.2c20370.

(3) David, J. C. Y. Infrared Studies of the Surface 
Hydroxyl Groups on Titanium Dioxide, and of the 
Chemisorption of Carbon Monoxide and Carbon 
Dioxide. The Journal of Physical Chemistry 1961, 
65, 746-753.

(4) Bhattacharyya, K.; Wu, W. Q.; Weitz, E.; 
Vijayan, B. K.; Gray, K. A. Probing Water and 
CO<sub>2</sub> Interactions at the Surface 
of Collapsed Titania Nanotubes Using IR 
Spectroscopy. Molecules 2015, 20 (9), 15469-
15487. DOI: 10.3390/molecules200915469.

(5) Henderson, M. A. The interaction of water with 
solid surfaces: fundamental aspects revisited. 
Surface Science Reports 2002, 46 (1-8), 1-308. 
DOI: 10.1016/s0167-5729(01)00020-6.

(6) Mandavi-Shakib, A.; Arce-Ramos, J. M.; Austin, 
R. N.; Schwartz, T. J.; Grabow, L. C.; Frederick, 
B. G. Frequencies and Thermal Stability 
of Isolated Surface Hydroxyls on Pyrogenic 
TiO<sub>2</sub> Nanoparticles. Journal of 
Physical Chemistry C 2019, 123 (40), 24533-
24548. DOI: 10.1021/acs.jpcc.9b05699.

http://www.harricksci.com
mailto:info%40harricksci.com?subject=

