
DVS
ADVENTURE

DVS

Water Vapor Sorption Analyzer
Capabilities:
• Dynamic water vapor sorption 

isotherms from 5 to 85o C
• Water sorption kinetics
• In-situ preheating/drying of 

samples to 300oC
• Water diffusion and 

permeation measurements
• Optional Fiber Optic Raman
• Optional Color Video 

Microscopy
• Next generation experimental 

control and evaluation 
software



In 1992 Surface Measurement Systems 
invented the world’s first Dynamic Vapor 
Sorption Analyzer. The DVS Adventure 
is the  culmination of nearly 25 years of 
world leading innovation in gravimetric 
instrumentation. Our new DVS Adventure is 
a water vapor sorption analyzer measuring 
sorption and desorption isotherms over a 
broad range of humidities and temperatures 
(5-85oC 0-98%RH).  The DVS Adventure 
offers unprecedented temperature stability 
and humidity performance as well as a range 
of optional modular features. It provides 
valuable information about the interactions 
of a sample with water vapor that is critical 
for the development of new materials 
and processes. Many industries consider 
water sorption properties of raw materials  
as key parameters in determining their 
storage, stability, processing and application 
performance. 

D V S  A d v e n t u r e
Dynamic Gravimetric Water Sorption Analysis

Key Measuring Capabilities

• Water sorption and desorption isotherms
• Optional in-situ sample preheating/

drying to 300oC
• Multiple sorption/desorption and sample 

drying or activation cycles
• Sample masses from 1mg to 5000mg
• Surface and bulk measurement 

capabilities and analysis

Key Hardware Benefits 
• Open stand design enabling easy access 

to sample pan
• Stainless steel stand minimizes static 

electrical charging
• Broad range (5-85 oC) and uniform 

temperature enclosure
• Next generation control and evaluation 

software for the most advanced 
experimental design and data analysis

• Capable of upgrading to organic vapors
• Optional IR, Raman and Video imaging

A key feature of DVS Adventure is the 
combined ability to precisely control and 
measure temperature and relative humidity 
while recording the highest resolution changes 
in mass. DVS Adventure uses a dry carrier 
gas typically nitrogen or compressed air for 
its operation. Digital mass flow controllers 
regulate flows of dry and saturated gases. 
Relative humidity is generated by precisely 
mixing dry and saturated gas flows in desired 
flow ratios which produce expected relative 
humidity. In a typical experiment a known 
concentration of water vapor is delivered 
over a sample placed inside the sample pan 
connected to the Surface Measurement 
Systems Ultrabalance™ measuring real-
time mass changes caused by sorption or 
desorption of water molecules. Prior to 
sorption measurements, the sample can be 
in-situ preheated/dried at temperatures of up 
to 300oC.  Additionally, the sample chamber 
and water vapor generation are at thermal 
equilibrium in a single temperature enclosure 
allowing for operation over the entire 
temperature range (5-85 oC) without risk of 
condensation.



DVS Adventure - 
Outstanding Performance

Long Term Temperature Stability
The DVS Adventure features an extremely 
stable single temperature enclosure around 
the entire instrument allowing vapor 
generation and delivery to occur at the sample 
temperature over the entire operational range 
of 5-85 oC. Typical stability at 25oC is ±0.02oC.  
This prevents condensation issues found with 
multiple temperature zone instruments, and 
allows for more accurate and more stable 
humidity delivery.

Balance Baseline Stability over 24 hours
The DVS Adventure is capable of measuring 
mass changes at a resolution of 0.1ug with 
root mean square balance noise of less than 
or equal to 0.2 μg.  The Surface Measurement 
Systems Ultrabalance™ is unrivaled in its 
precision and accuracy. 

Temperature Stability of DVS Adventure
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Humidity Performance
The DVS Adventure has the highest level of 
humidity precision in any instrument we’ve 
ever produced. Generated humidities are 
typically within ±0.1%RH of target humidity.

True0™ RH

Surface Measurement System’s DVS 
gravimetric sorption analyzers are the 
only instruments of their type offering 
True0™ RH.  Our DVS instruments achieve 
partial pressures of water as low as 0.0% 
RH.  This is important for hydrates and 
other compounds that only completely dry 
below 1% RH and investigation of sorption/
desorption at low RH levels. Target RH (%)

True0 Cycle 1 Sorption
True0 Cycle 1 Desorption
Non-True0 Cycle 1 Sorption
Non-True0 Cycle 1 Desorption

Naloxone HCl Dihydrate
DVS Isotherm Plot
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Extended Capabilities of Water Sorption Analysis

Camera and Video

Raman Spectroscopy

Raman spectroscopy is a widely used 
technique for physical characterization, and 
the DVS Adventure offers a fully integrated 
solution for triggering and capturing Raman 
spectra during sorption experiments.  
Combining Raman spectroscopy and 
Dynamic Vapor Sorption allows for a more 
complete understanding of vapor-solid 
interactions for materials as it relates to their 
chemical and structural properties.  

The DVS Adventure 
has an optional 5 
megapixel color 
camera, over 4 
times the resolution 
of our DVS 
Advantage.  The 
camera is equipped 
with a 200x optical 
zoom lens for 
incredible detail.
This option allows 
you to visually 
explore the 
macroscopic effects 
of moisture on 
your samples.  All 
images have time-
date-temperature-
humidity stamps.
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In-situ Raman spectra for MCC at 25 °C exposed to different RHs.



Extended Capabilities of Water Sorption Analysis

High temperature enclosure and preheater 
for accurate vapor generation at elevated 
temperatures.

Expandable Manifold for various sample 
geometries and mass up to 5 grams.

The DVS Adventure offers an optional Expandable Manifold 
allowing for large and varied sample geometries.  The ex-
panded manifold can accommodate samples such as catalytic 
converters, as well as larger volumes of powdered materials.  
This coupled with a high mass Ultrabalance™ allows for the 
use of large samples in cases where smaller samples may not 
be representative. The expanded manifold has an inner di-
ameter of 59 mm(2.25in) and a depth of 65mm(2.5in) and 
combined with our high mass Ultrabalance™ increases the 
experimental possibilities dramatically.  Samples can include 
circuit boards, biscuits, construction materials, wood chips, 
blister packs, small bottles, capsules, inhalation devices, freeze 
drying vials and electronic components.

A high temperature pre-heater is optional for in-situ 
degassing/activation of samples up to 300oC.  The 
temperature is measured by Pt100 placed below a stainless 
steel sample pan. It is also possible to incorporate humidity 
generation at temperatures up to 150oC.

Microbalance

Preheater

RH
Probe

Balance Purge

DVS
Stand

Temperature
Enclosure

Exit
Flow

Reference
Sample

Water
Reservoir

Dry
Air/N2

MFC 1
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System Schematic



Applications of DVS Adventure
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N-117 Diffusion Data

30 °C

40 °C

70 °C

80 °C

Diffusion coefficients for N-117 proton exchange 
membrane.  The calculations have been made at 30, 
40, 70, and 80oC from 0 to 95% RH. Optional Payne 
type cell extends measurement range to include vapor 
permeation and moisture vapor transmission rates 
(MVTR) through porous materials such as silicone 
membranes, human skin and electrospun polymer fiber 
mat. 

Diffusion coefficients
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Target RH (%)

Moisture sorption and desorption kinetics (red) and 
isotherm (blue) for the proton exchange membrane 
at 30oC.  Water sorption kinetics are relatively fast as 
the sample rapidly approaches equilibrium with each 
change in humidity.  Water sorption is dominated by 
bulk sorption for this specific amorphous polymer.

Moisture Sorption Kinetics and Isotherms
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The DVS Adventure features Surface Measurement 
Systems’ Ultrabalance™ for incredible precision when 
measuring very low water uptake in crystalline or 
hydrophobic samples. Materials whose maximum 
water sorption uptake is as low as a 0.05% mass 
increase can be routinely studied.

Moisture Sorption with very low uptake

Drying
Drying is one of the most important industrial processes 
involving many solid state materials. Using a pre-heater 
in the DVS Adventure will allow rates of drying at a range 
of temperatures to be easily studied. In addition the 
pre-heater also allows water sorption experiments to be 
conducted when the sample is exposed to temperatures 
as high as 150oC.
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Amorphous solids often absorb relatively large 
amounts of water vapour, which is a plasticizing agent.  

Measuring the 
temperature and 
humidity for Tg 
is thus critical. 
By measuring 
water uptake 
as humidity 
is ramped 
the moisture 
induced Tg can 
be determined.

Amorphous solids upon sorbing water can change from 
free flowing solids(A) to gels(B) and then to liquids(C) 
prior to crystallizing(D) as shown below for spray dried 
amorphous lactose.

Water sorption/desorption Isotherms
DVS Adventure can be used to determine water sorption isotherms, which depict mass changes as a function of varying 
relative humidity at constant temperature; ie. mass is increased during sorption and decreased during subsequent 
desorption. This is achieved by exposing the sample to a selected relative humidity until mass equilibrium at each RH 
step has been established.  This is repeated at until a complete sorption and/or desorption isotherm is completed. In 
addition, hygroscopicity of solids can be measured at constant temperature with controlled changes in RH. 

D = 3.81 x 10-8 cm2s-1

Moisture Diffusion into Electronic Paste
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Post curing diffusion plot for Electronic Pastes.  In-situ 
curing at 150 oC with subsequent diffusion coefficient (D) 
calculation using the slope of the linear portion of mass 
data between 0-90% RH at 60 oC.

Moisture Diffusion into Electronic Pastes

DVS can quantify amorphous content as the 
amorphous phase sorbs more water than the 
crystalline phase. Amorphous contents of < 0.05% by 
mass can be routine determined using the DVS.

Determination of Amorphous Content

Ramped Humidity/Moisture induced phase 
transitions

DVS Video Imaging - Phase Changes

In-situ images collected on amorphous lactose at 0% (A), 50% (B), 
60% (C), and 90% RH (D).

At 25oC this material has a Tg of 38%RH

Surface Adsorption

Glass Transition

Bulk Adsorption and 
Surface Adsorption



Surface Measurement Systems operate a continuous product improvement policy and specifications and content are subject to change without notice. E&OE.

UK (European Office)
Unit 5 Wharfside, Rosemont Road
Alperton, London, HA0 4PE, UK
Phone: +44 (0) 208 795 9400

USA (American Office)
2125 28th Street SW, Suite 1
Allentown, PA, 18103
Phone: +1 610 798 8299

Temperature
Temperature controlled enclosure 
Control range: 5°C to 85°C  
Control precision: ±0.1°C from 5-60oC, ±0.2°C from 60-80oC
Enclosure also provides anti-condensation protection.

High temperature pre-heater for sample drying/activation
Two temperature options: 150oC and 300oC (maximum local 
temperature)
Heating ramp rates:  up to 10oC/min
Sensors: Pt-100 thermocouple

Adventure stand
Manifold: stainless steel
Seals: Viton
Tubing: 1/4inch stainless steel

Water Reservoir
Material: glass
0.5 and 1L as standard

Relative humidity generation and measurement
High accurate digital mass flow controllers for delivering gases with 
humidity control of less than ±0.1%RH
Relative humidity sensor with measurement precision of ±0.1%RH

Instrument Platform

System Software
Next generation purpose built control and evaluation software for the 
most advanced experimental design and data analysis.

Analysis

Control
Complex protocols for multiple experiments using sample pre-heating, 
with change of sample temperatures and time, with ramp or step 
changes, can be set up, and run fully automatically, thus releasing 
valuable operator time.

Mass measurement
Ultrabalance 1
High Mass SMS microbalance
Sample mass:   between 1 and 
1500mg   
Mass change:    ±150mg
Resolution (precision): 0.1 µg
Root mean square 
balance noise: ≤ 0.2 µg

Ultrabalance 2
High Mass SMS microbalance
Sample mass:   between 10 and 
5000mg   
Mass change:    ±1000mg
Resolution (precision): 1 µg
Root mean square 
balance noise:  ≤ 5 µg

Email: sales@surfacemeasurementsystems.com
www.SurfaceMeasurementSystems.com

• Isotherms
• Permeability and diffusion
• Kinetics information

• Heat of sorption
• Tg determinations
• Amorphous content

Range
5 to 60 oC - 0 to 98%RH
60 to 85 oC - 0 to 85%RH

Accuracy
5 to 60oC ± 0.5%RH
60 to 85oC ± 1%RH



DVS
INTRINSIC

www.surfacemeasurementsystems.com

The easy-to-use solution to complex 
water sorption challenges

http://surfacemeasurementsystems.com/products/dvs-instruments/dvs-intrinsic/


D V S  I n t r i n s i c
The easy-to-use solution to complex water sorption challenges 

from Surface Measurement Systems:

• High quality water isotherms and efficient 
water activity measurements

• Step-by-step software wizards guide 
users through routine procedures

• Smallest, compact design that makes 
optimal use of limited bench space - only 
26cm wide

• Advanced electronics and simplified user 
interface

• Accommodates wide variety of sample 
geometries and up to 5 gram capacity

• SMS UltraBalanceTM provides unrivalled 
sensitivity and baseline stability

• Built-in Network Connectivity for easy 
data sharing and remote analysis

• Expandable operation of up to 5 units 
from 1 PC via DVS-IntrinsiLinkTM

• Fast temperature stability for Isoactivity 
measurements

Applications

• Studying hygroscopicity of powders, fibers and solids
• Kinetics of water sorption and desorption
•  Water induced morphology changes

• Food shelf-life prediction studies
• TEWL/ Transepidermal Water Loss

• MVTR/ Moisture Vapor Transmission Rate determination
• Calculation of Diffusion Coefficients
• Sorption Modeling
• Moisture Compatibility
• Water Activity Measurements

Materials Studied

• Pharmaceuticals: powders, tablets, API’s and excipient   
materials
• Food: powders, processed food, biscuits
• Natural materials: grains/seed, wood, biomass
• Building materials: aggregates, cement, ceramics
• Personal care products: cosmetics, hair care, contact   

 lenses
• Packaging materials: paper, plastics

P-MKT-410- v2.0 28AUG2015



The advantages of DVS water sorption analysis

The water sorption properties of solid 
materials are recognized as critical factors 
in determining their storage, stability, 
processing and application performance. 
These properties are routinely determined for 
many natural and man-made materials and 
have traditionally been evaluated by storing 
samples in sealed jars containing saturated 
salt solutions of established relative humidity 
and then regularly weighing these samples 
until equilibrium is reached. The DVS Intrinsic 
provides a number of advantages over these 
methods:

(i)  The DVS Intrinsic technique, due to optimized 
vapor flow, reduces the time required to reach 
equilibrium, measured in minutes rather than days. 
Simultaneously the dynamic flow of moisture reduces 
the need for large sample sizes, requiring only a few 
milligrams of sample.

(ii)  Due to the dynamic flow of vapor, the sample 
never needs to be removed from the instrument, 
eliminating errors and contamination associated with 
removing samples from storage containers in previous 
methods.

et gas

Dry gas

Air purge

Service
port

Humidity
probe Sample

pan

Reservoir

Water

Sample
chamber

Temperature 
controlled
balance
chamber

Temperature
probe

Temperature
probe

UltraBalanceTM

LED light

Drain

W

Schematic of the main components of the DVS Intrinsic

(iii) The DVS Intrinsic allows for kinetic water 
sorption/desorption data to be collected in real time, 
which is impossible in static methods.

(iv) The DVS Intrinsic technique reduces labor and 
operational costs by allowing skilled scientists and 
technicians to be more productive.

(v) Up to five DVS Intrinsic instruments can be linked 
to one computer using DVS-IntrinsiLinkTM, increasing 
data throughput while reducing IT costs.

The DVS Intrinsic is a highly sensitive, 
accurate and rapid means for automated 
determination of moisture sorption properties 
of solids.

Surface Measurements Systems operate a continuous product improvement policy and specifications and content are subject to change without notice. E&OE.

D V S  I n t r i n s i c
The easy-to-use solution to complex water sorption challenges 

from Surface Measurement Systems:

• High quality water isotherms and efficient 
water activity measurements

• Step-by-step software wizards guide 
users through routine procedures

• Smallest, compact design that makes 
optimal use of limited bench space - only 
26cm wide

• Advanced electronics and simplified user 
interface

• Accommodates wide variety of sample 
geometries and up to 5 gram capacity

• SMS UltraBalanceTM provides unrivalled 
sensitivity and baseline stability

• Built-in Network Connectivity for easy 
data sharing and remote analysis

• Expandable operation of up to 5 units 
from 1 PC via DVS-IntrinsiLinkTM

• Fast temperature stability for Isoactivity 
measurements

Applications

• Studying hygroscopicity of powders, fibers and solids
• Kinetics of water sorption and desorption
•  Water induced morphology changes

• Food shelf-life prediction studies
• TEWL/ Transepidermal Water Loss

• MVTR/ Moisture Vapor Transmission Rate determination
• Calculation of Diffusion Coefficients
• Sorption Modeling
• Moisture Compatibility
• Water Activity Measurements

Materials Studied

• Pharmaceuticals: powders, tablets, API’s and excipient   
materials
• Food: powders, processed food, biscuits
• Natural materials: grains/seed, wood, biomass
• Building materials: aggregates, cement, ceramics
• Personal care products: cosmetics, hair care, contact   

 lenses
• Packaging materials: paper, plastics
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Applications

Polyamide kinetic
and isotherm plots

Milk powder, two cycles,
showing amorphous
recrystallisation

Wood , two cycles

Theophylline – hydrate
formation

Salmeterol Xinafoate –
hydrophobic drug

Theophylline – hydrate
formation

Salmeterol Xinafoate –
hydrophobic drug

Hair with treatment 
comparison

Building materials 
sorption compatibility

Wood fiber, two 
sorption cycles

Amorphous lactose 
recrystallization

API hydrate formation 
and loss
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Moisture Diffusion/Permeation 

Payne type diffusion cell with DVS metal sample pan (C-WM-017) 
for (a) dry cup method and (b) wet cup method.

Experimental set-up for moisture vapour transmission rate 
measurement.

Diffusion plot for 0% RH to 20% RH step in 
humidity for a 7.5µm polyimide film.

Previous 
RH (%)

Target 
RH (%)

Diffusion Coeff. 
(cm2/s)

R-squared (%)

0.0 20.0 7.63E-10 99.55

20.0 0.0 4.38E-10 99.58

0.0 40.0 9.04E-10 99.52

40.0 0.0 6.05E-10 99.59

0.0 60.0 9.30E-10 99.54

60.0 0.0 6.55E-10 99.57

Polynomial fit for particle diffusion calculation. 
Moisture diffusion coefficient for an amorphous 
pharmaceutical powder at 25C and 40%RH with 
σ = 0.11 x 10-11 cm2/s.

Diffusion coefficients from initial slopes.

Change in mass of silica gel in response to varying 
external relative humidity for an electrospun PCL 
membrane.

Sorption and desorption kinetics for a 7.5um 
polyimide film.

Trans-epidermal water loss at 0%RH using VitroSkin.



Surface Measurement Systems
Unit 5 Wharfside, Rosemont Road
Alperton, London, HA0 4PE, UK
Phone: +44 (0) 208 795 9400

Email: sales@surfacemeasurementsystems.com

Surface Measurement Systems Ltd.
2125 28th Street SW, Suite 100
Allentown, PA 18103 USA
Phone: +1 (610) 798 8299

www.SurfaceMeasurementSystems.com
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Instrument Platform
Model Intrinsic 1 Intrinsic 2

Temperature Range 20-40oC (standard)

Maximum Sample Mass 1g 5g

Mass Change +/- 150mg +/- 1.0g

Stability (24 Hours @ 25oC and 0%RH) <5ug <50ug

Mass Resolution +/- 0.1ug +/- 1.0ug

Humidity Range 0-98% RH

Temperature Stability +/- 0.2oC

Typical Gas Flow Rate 200sccm

Sample Chamber 40mm W x 50mm D x 50mm H

Reservoir Volume 100 mL capacity

Heating System Peltier + Cartridges

Weight 22kg

Size (approx) 26cm W x 39 cm D x 47cm H

Air Supply 2 to 4 Bar

Computer Interface TCP/IP and USB

Applications Continued

Amorphous content mass change and crystallization 
due to moisture.

Moisture induced glass transition and crystallization of 
salbutamol sulphate. Glass transition and crystallization RH (%) for 

salbutamol sulphate.

Influence of milling time on amorphous content of
100% crystalline lactose using DVS.



www.SurfaceMeasurementSystems.com

DVS
RESOLUTION

DVS

Speed of Sound Dynamic Vapor Sorption
Capabilities:

•  Organic vapor, Water vapor and 
Gas sorption kinetics 

•  Co-adsorption with two vapors

•  Organic vapor sorption in a fixed 
RH background

•  Real time partial pressure 
measurement and control

• Water vapor sorption isotherms 
from 5 to 85 oC 

•  Organic vapor sorption isotherms 
from 5 to 50 oC

•  In-situ drying/activation of 
samples to 300 oC 

•  Optional 200x Color Video 
Microscopy/ Fiber Optic Probe 
Spectroscopy

•  True0™ drying at 0.0% RH 

The World's Most Advanced Dynamic Vapor Sorption Instrument



D V S  R e s o l u t i o n
Dual Vapor Gravimetric Sorption Analysis

Key Measurement Capabilities

• Water, organic solvent, and gas sorption 
and desorption isotherms

• Co-adsorption isotherms using two vapors

• Optional in-situ sample preheating/drying 
to 300 oC

• Multiple sorption/desorption and sample 
drying or activation cycles

• Sample masses from 1 mg to 5000 mg

• Surface and bulk measurement capabilities 
and analyses

Key Hardware/Software Benefits 

• Only system to measure organic vapor 
partial pressure directly using Ultrasonic 
Sensor (patent pending) 

• Open stainless steel stand design enabling 
easy access to sample pan while minimizing 
static electric charging

• Broad range (5-85 oC) and single uniform 
and accurate temperature enclosure

• Next generation control and evaluation 
software for the most advanced 
experimental design and data analysis

• Capable of upgrading to 5 balances

• Optional IR, Raman and Video imaging with 
integrated control software

Why Surface Measurement Systems?

• We invented the DVS Technology and 
continue to innovate

• Our industry leading sorption scientists 
stand behind every instrument

• Our service team provides uncompromising 
support to our customers and partners



DVS Resolution - 
Outstanding Performance

Long Term Temperature Stability

• Vapor generation and delivery at sample 
temperature 

• Typical stability at 25 oC is ±0.02 oC

• Prevents condensation issues found in 
instruments with multiple temperature 
zones

• Allows for accurate and stable humidity 
delivery

Balance Baseline Stability over 24 hours

• Mass changes at a resolution of 0.1 μg 

• Root mean square noise of ≤ 0.3 μg
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Humidity Performance

• ±0.1% RH of target humidity.

• Highest level of humidity precision in any 
instrument we’ve ever produced

True0™ RH

• Only DVS instrument offering 
True0™ RH

• Achieve partial pressures of water as low 
as 0.0% RH

• Study of hydrates and other compounds 
only completely dry below 1% RH 

• Allows investigation of sorption/
desorption at low RH levels Target RH (%)

True0 Cycle 1 Sorption
True0 Cycle 1 Desorption
Non-True0 Cycle 1 Sorption
Non-True0 Cycle 1 Desorption

Naloxone HCl Dihydrate
DVS Isotherm Plot
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The only method to directly measure Solvent and 
Gas concentrations

High Precision Organic P/Po Delivery
• Unrivalled partial pressure concentration 

precision

• Closed loop experiments further increase 
precision

New UltraSonic Sensor
Previous methods for directly measuring 
the solvent concentrations have either been 
non-existent (ie. predicting the solvent 
concentration!) or in the case of the DVS-
Advantage, using a specially configured dew 
point analyser for the measurement. Increased 
customer demands for a more universal and 
more accurate measurement technology has 
resulted in SMS developing a revolutionary new 
sensor. The patent pending Ultrasonic Sensor in 
the DVS Resolution measures directly the vapor 
concentration using speed of sound(SOS). 
The SOS is directly related to temperature, the 
chemical species present and the absolute vapor 
concentration of the gas phase species. This 
technology allows for true closed loop control 
by adjusting the mass flow controlled vapor 
delivery using the real time speed of sound 
measurement. Not only is the SOS fast (1s), it is 
reliable and a fundamental gas phase property. 

*For a current list of calibrated solvents or to request a solvent be calibrated contact 
sales@surfacemeasurementsystems.com

Sample UltraSonic data

• Only method to truly measure organic 
vapor concentrations

• Intrinsic property of the vapor or 
gas measured. Calculates solvent 
concentrations based on the speed of 
sound travelling through a fixed volume 
of solvent vapor or gas

• Closed loop control significantly more 
accurate than open loop control using 
mass flow controllers only

• Dual UltraSonic Sensors available for 
complex co-adsorption control or solvent 
exchange

• Automated self-calibration prior to each 
experiment (1 second calibration time)



Solvent Delivery Configurations
The DVS Resolution can precisely deliver 
combinations of:

• Humidity

• Organic vapors 

• Gases

• Two different components

• Organic Vapor with Background 
Humidity

Ortho and Para-Xylene 
Co-Adsorption
In the graphs displayed to the left, co-
adsorption was measured using Ortho- and 
Para- Xylene. 

• Figure 1 Ortho-Xylene sorption kinetics

• Figure 2 Para-Xylene sorption kinetics

• Figure 3 Co-adsorption of Ortho - and 
Para-Xylene on zeolite

Extended Capabilities of Dual Vapor 
Gravimetric Sorption Analysis

Figure 3Figure 2

Figure 1

DVS Resolution Schematic



Methanol Adsorption in Hair with 
a Background Humidity
• Water adsorption at 40% RH in red

• Methanol adsorption at 40% P/Po in blue

• Methanol adsorption at 40% P/Po with 40% 
RH background humidity in green
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Methanol and Water Diffusion in 
Kapton Film: 25oC 
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Thin Film Co-Diffusion
• Co-diffusion of two solvents into a thin film 

• Independent control of individual moisture 
and organic vapor flows for single 
component and co-adsorption experiments

Spray Dried Polymer 
Co-Adsorption Isotherms
Acetone sorption in background humidity

• Acetone isotherm in red/ 
10%RH background

• Acetone isotherm in blue/ 
20%RH background

• Acetone isotherm in green/ 
30%RH background

Methanol

Water

Mass

Applications of DVS Resolution
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High Temperature Preheater for Drying, 
Curing and Vapor Generation at 
Elevated Temperatures

• In-situ degassing/activation of samples up 
to 300 oC

• The temperature is measured by Pt100 
directly below sample pan 

• Humidity generation up to 150 oC
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Baseline-Corrected Raman Spectra
of Amorphous Lactose at 25 oC

End of 95%
RH Step

End of 60%
RH Step

End of 40%
RH Step

End of 0%
RH Step

In-situ Raman spectra for Amorphous Lactose at 25 °C exposed to 
different RHs.

Modular Capabilities of DVS Resolution

Raman Spectroscopy
• Fully integrated hardware/software solution 

for triggering and capturing Raman spectra 
during sorption experiments

• Allows for a more complete understanding 
of vapor-solid interactions for materials

Optional Microscopy and Video
• Optional 5 megapixel color camera

• 200x optical zoom

• Images have time-date-temperature-
humidity stamps

• Grid overlay and calibration for measuring 
dimensional change



Surface Measurement Systems operate a continuous product improvement policy and specifications and content are subject to change without notice. E&OE.

UK (European Office)
Unit 5 Wharfside, Rosemont Road
Alperton, London, HA0 4PE, UK
Phone: +44 (0) 208 795 9400

USA (American Office)
2125 28th Street SW, Suite 1
Allentown, PA, 18103
Phone: +1 610 798 8299

Temperature
Temperature controlled enclosure 
Control range: 5°C to 85°C  
Regulation accuracy: ± 0.01oC
Enclosure also provides anti-condensation protection

High temperature pre-heater for sample drying/activation
Two temperature options: 150oC and 300oC (maximum local 
temperature)
Heating ramp rates:  up to 10oC/min
Sensor: Pt-100 thermocouple

Resolution Stand
Manifold: 316 stainless steel
Seals: Viton
Tubing: 1/4 inch stainless steel

Solvent Reservoirs
Material: Pyrex glass
0.25 and 0.5L as standard
2 Reservoirs included

Relative humidity generation and measurement
High accurate digital mass flow controllers  and capacitance probe

Relative Humidity Sensor
Carrier Gas  - Dry air (nitrogen optional) 
Relative humidity range from 0 to 98%
RH range accuracy from 5 - 60 oC ±0.5%
RH range accuracy from 60 - 85 oC ±1%

Ultrasonic Sensor
Partial pressure range from 0 to 90%
RH range accuracy from 15 - 50 oC ±2%

Speed of Sound sensor for organic vapors
Real time partial pressure measurement and control

Solvents Available include:

Instrument Platform

System Software
Next generation purpose built control and evaluation software for the 
most advanced experimental design and data analysis.

Analysis

Mass measurement
Ultrabalance 1
Low Mass SMS microbalance
Sample mass:   between 1 and 
1000mg   
Mass change:    ±150mg
Resolution (precision): 0.1 µg
Root mean square 
balance noise: ≤ 0.3 µg

Ultrabalance 2
High Mass SMS microbalance
Sample mass:   between 10 and 
5000mg   
Mass change:    ±1000mg
Resolution (precision): 1 µg
Root mean square 
balance noise:  ≤ 3 µg

Software Options

Standard 
• Control
• Analysis

Advanced 
• Analysis Suite
• Isotherm Analysis Suite

CFR
• Control
• Advanced Analysis Suite
• Isotherm Analysis Suite

Acetone
Chloroform
Cyclohexane
Decane
1,2 Dichloroethane
DiChloromethane
Ethanol

Ethayl acetate
Ethyl benzene
Heptane
Hexane
Isopropanol
Methanol
Nonane

Octane
Toluene
Water
M-Xylene
P-Xylene

Email: sales@surfacemeasurementsystems.com
www.SurfaceMeasurementSystems.com

• Isotherms
• Permeability and diffusion
• Kinetics information

• Heat of sorption
• Tg determinations
• Amorphous content

Control
Multiple-method protocols 
incorporating:
• Sample pre-heating
• Vapor sorption
• Vapor exchange
• Dual vapor co-adsorption
• Temperature changes in a single 

experiment, including 
• Ramp or step changes in relative 

humidity

• Organic vapor sorption partial 
pressure 

• Temperature stages may be based 
on fixed-time or user-defined dm/
dt criteria

• Isotherm and isobar experiments
• Experiments may include half, 

full or multiple partial pressure or 
temperature cycles

*For a current list of calibrated solvents or to request a solvent be calibrated contact sales@surfacemeasurementsystems.com*For a current list of calibrated solvents or to request a solvent be calibrated contact sales@surfacemeasurementsystems.com
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www.surfacemeasurementsystems.com

Dynamic Dual Vapor/Gas 
Gravimetric Sorption Analyzer

Capabilities:
• Dynamic/Static isotherms 

and isobars
• Competitive Adsorption
• In-situ degassing
• Real time sorption kinetics



The DVS Vacuum is the only gravimetric vapor sorption system which offers static and dynamic 
sorption experiments. It accurately and precisely measures adsorption-desorption isotherms and 
adsorption-desorption isobars over a broad range of temperatures. It provides insights about the 
interactions and total adsorption capacities of studied materials with water vapor, organic vapors, 
gases and their mixtures.  More importantly, it provides data on the fundamental understanding 
of adsorption processes which can be used in theoretical models. The DVS vacuum is versatile due 
to its unique upstream and downstream sorbate control for real-time adsorption and desorption 
kinetics. It can be used to mimic industrial conditions, and thus assess the performance of materials 
prior to their deployment in adsorption based technologies. 

This is particularly attractive for chemical engineers and researchers pursuing novel energy-related 
applications through systematic tailoring of sorption properties to specific needs such as thermally 
driven heat pumps, adsorption based thermal storage systems, drying, purification and separation 
of gases and CO2 capture from power plant flue gas.  Additional DVS Vacuum applications 
are found in fundamental drying and sorption studies of nanoporous materials, composites, 
membranes, porous ceramics, activated carbons and pharmaceutical actives and processes.  The 
DVS Vacuum’s experimental flexibility enables studying adsorption and desorption under dynamic 
isothermal or isobaric  conditions. It  performs multi-component experiments using vapor and/
or gas sorbate molecules with in-situ sample degassing up to 400°C and high vacuum.  Multiple 
adsorption/desorption and sample regeneration cycles can be performed with real-time sorption 
kinetics and thermodynamics for sample masses from 5 to 1000 mg. This greatly expands the  
physisorption characterization capabilities available for such materials.

Zeolites, porous polymers, composites, Aluminophosphates (AlPOs) and Silica aluminophosphates 
(SAPOs), silica gels, activated carbons and Metal Organic Frameworks (MOFs) are important 
classes of materials used in various sorption based technologies. The combination of hierarchical 
pore structure control and selection of appropriate adsorbents enables entry and adsorption of 
small molecules on internal surfaces. Such processes are typically controlled by physisorption 
mechanisms governed by molecular size, polarity and chemical nature of the sorbent surfaces. 
In some cases specific chemical interactions can give rise to more strongly bound chemisorbed 
species, which are an essential part in the design of heterogeneous catalysts.

D V S  V a c u u m
D y n a m i c  G r a v i m e t r i c  Va p o r  S o r p t i o n  S y s t e m

Key Measuring Capabilities

• Adsorption and desorption under dynamic/static, isothermal, or isobaric conditions.
• Competitive adsorption of two probe molecules (i.e. CO2–H2O, Toluene–H2O, MeOH–H2O).
• Perform multi-component experiments using vapor and/or gas sorbate molecules.
• Unique vapor temperature and delivery control. 
• In-situ sample degassing up to 400°C and high vacuum (2x10-6 Torr).
• Multiple adsorption/desorption and sample regeneration cycles. 
• Real-time sorption kinetics and thermodynamics.
• Experimental background pressures as low as 1x10-6 Torr.
• Adsorption measurements at relative pressures as low as 0.005 Torr.
• Minimum deliverable relative water vapor pressure at 25oC of 0.05%.  
• Sample masses from 5-1000 mg.



A unique principle of the DVS Vacuum is the ability to control and measure sorbate entry and exit flows simultaneously 
while recording changes in sample mass.  The benefits include: broad range of sorption experimental partial pressures, 
real time sorption kinetics, sorbate molecule residence time control and thermal cycling. The DVS Vacuum also covers a 
wide range of sample and vapor temperatures allowing for sample thermodynamic properties determination. This includes 
capability for in-situ sample degassing at elevated temperatures and high vacuum. A wide range of molecules, both gas 
and vapor phase, are controlled through a sophisticated flow control system. Additionally, as the entire DVS Vacuum vapor 
generation delivery system and sample chamber are at thermal equilibrium in the temperature controlled enclosure, variable 
sorbate molecules and temperature can be easily changed without condensation and decontamination concerns. Tailoring 
the sorbate molecule gives access to many physico-chemical parameters. 

The principle of DVS Vacuum

The principle of dynamic adsorption

1. In-situ degassing of sample under 
high vacuum and high temperature. 
Downstream consisting of butterfly 
valve controlling pumping speed 
is fully open, while upstream 
controlled by mass flow controllers 
is closed.

2. Filling the chamber with sorbate 
molecules.  Upstream is open, 
while downstream is closed. 

3. Dynamic state whereby the 
amount of sorbate molecules 
entering and leaving the chamber  
is controlled simultaneously. 

• Dynamic (or static) operational mode
• Upstream and downstream vapor/gas flow 

controls
• Lowest measurable pressure 0.005 Torr
• Smallest step size 0.05% P/Po
• Temperature controlled enclosure operating 

in the range from 20 to 70oC
• In-situ sample degassing up to 400oC 

(using pre-heater) and high vacuum
• Multi vapor and/or  gas injection system for 

sorbates (2 gasses or 2 vapors or 1 gas and 
1 vapor) 

• Water vapor adsorption in the temperature 
range 20 to 70oC up to 90% P/Po and 
above 70oC in a limited P/Po range.

• Highly accurate Baratrons for pressure 
measurements

• Transducer for vacuum pressure 
measurement

Vapor reservoir

Gas Inlet into 
chamber

Gas Connection

Reference Side

Sample Side

Ultrabalance hat

1000 Torr Baratron

10 Torr Baratron

Vacuum Gas 
Manifold

DVS Vacuum layout and capabilities



Drying kinetics and in-situ degassing of samples

DVS Vacuum extends the capability of sample degassing to drying kinetics and mass equilibrium prior to sorption 
measurements. Samples can be in-situ degassed at temperatures of up to 400oC using various heating rates and vacuum 
pressures down to 10-7 Torr.  This is immediately followed by sorption experiment at desired sorption temperature upon 
cooling the sample to experimental  temperature. Sample transfer is not required for degassing.

Appl icat ions of DVS Vacuum

Drying kinetics of a pharmaceutical powder

The effect of temperature and vacuum pressure is shown to provide 
information on dehydration kinetics of carbamazepine dihydrate.

Drying curve of 13X zeolite, which was degassed in-situ at 400oC and 
high vacuum.  

Degassing of 13X Zeolite

Preheater

Sample Pan

High temperature vacuum preheater and housing for variable sample geometries

High temperature pre-heater for in-situ degassing/regeneration of 
samples up to 400oC. Temperature is measured by Pt-100 thermocouple, 
which is placed below the stainless steel sample pan. 

Variable samples such as catalytic converters, thin films and porous 
membranes can be measured in the system. The sample is connected 
directly on the hangdown wire. In typical experiments, where powders, 
pellets or beads are used, samples are loaded in stainless steel pans. Other 
experimental cells are available for a wide range of sample types and 
applications such as diffusion/permeation and Knudsen vapor pressure.

Monolithic Catalyst



Micro- and meso-porous materials such as zeolites 4A, A10 Sylosiv, 13X, MCM-41 respectively, aluminophosphates 
including SAPO-34, and MOFs have gained much interest recently due to their promising applications in novel heating 
and cooling technologies, exploiting thermo-adsorptive effects. These materials show interesting sorption properties; high 
or low uptakes in the low partial pressure range in which water can be considered as an adsorbate for cooling applications. 
Therefore, adsorption by these materials in the presence of water vapor is extensively studied in order to understand water 
vapor sorption kinetics at low partial pressures, the total adsorption capacity, stability of material after several adsorption/
desorption cycles over wide range of temperatures and energy requirements for the regeneration of adsorbents. In addition, 
the selection of various probe molecules and their mixtures (water- alcohol) give access to physico-chemical parameters that 
are critical for understanding the material performance in extreme conditions. Examples of isobars and isotherms including 
sorption kinetics of promising adsorbents are shown below.

Water vapor adsorption in zeolites and MOFs for thermal adsorption storage and heat transformation

A10 (powder, Grace Chemicals) water vapor sorption at 40oC. Prior to sorption measurements A10 was in-situ degassed at 180oC under high vacuum 
of 10-5 Torr for 480min and subsequently cooled down to sorption temperature of 40oC.  Sample was regenerated between cycles using the same 
degassing conditions.  Resulting water adsorption-desorption isotherms of A10 is shown on the right. 

Comparison of 25oC water vapor adsorption-desorption isotherms for Mg-MOF-74 and TEPA-MOF-74.  Mg-MOF and TEPA-MOF were prepared by 
Xiao Su & Lev Bromberg from MIT, Chemical Engineering.  (Figure left). Comparison of 4A (Sigma Aldrich, 1/16inch diameter, 1-2mm pellets) water 
adsorption- desorption isotherms measured at 25, 70 and 140oC  (Figure right). The large hysteresis at 25oC is due the fact that mass equilibrium at low 
P/Po was not reached.

A10 water vapor isobars at 7.14 Torr (Figure left). Two cycle of A10 showing change in the mass (in red) during stepping down (adsorption) and stepping 
up (desorption) temperature (in blue) at pressure (in green) of 7.14Torr.  A10 water vapor isobar at 7.14 Torr (Figure right). 



Molecular separations of catalysts and zeolites

A wide range of sorbate molecules including water, organic vapors (i.e. alcohols, toluene, benzene, cyclohexane, xylene, 
acetaldehyde, etc.) and gases are controlled through a sophisticated flow manifold. The selection of sorbate molecules for 
specific adsorption based applications gives access to many physico-chemical parameters, such as size selectivity and or 
chemical selectivity of the sample.

Zeolite Y benzene sorption at 25oC. Adsorption-desorption cycle showing benzene sorption kinetics (left) and corresponding isotherm (right) at 25oC. The 
inset shows the isotherm in the Henry region where pressure was increased by 0.2 % P/Po.

Comparison of Pt-SiO2 toluene adsorption-desorption isotherms at 25 and 55oC (left). Determination of specific surface area using BET equation for 
toluene sorption at 55oC (right). 

13X adsorption-desorption of CO2 in the pressure range from 0 to 760 
Torr at 25oC. 13X was in the form of beads having 1-2mm diameter. 

Mg-MOF-74 adsorption-desorption of CO2 in the pressure range from 
0 to 760 Torr 25oC.

MOFs and zeolites as adsorbents for CO2 capture and storage

MOFs and zeolites are promising porous crystalline materials for CO2 capture. Both materials are strong candidates due to 
high adsorption capacities, the economic feasibility of its reagents as well as ease of synthesis. 

Adsorbate: Toluene
Temperature: 55oC
Specific surface area: 199m2/g
Regression coefficient: 99.8%



Co-Adsorption on MOFs and fibers

Many industrial processes, such as gas purification, drying, filtration and carbon capture, use MOFs, porous solids or 
porous polymers to adsorb gases or organic molecules.  Water vapor often co-exists with gases or organic molecules and 
its concentration can vary from very low to saturated. Therefore, it is important to understand the effects of the presence 
of water vapor on adsorption of gases or organic molecules.  DVS Vacuum can be used to study co-adsorption of two 
adsorbates over broad temperature and relative pressure ranges. 

50/50 CO2/H2O Mg-MOF-74 sorption at 25oC. Sorption kinetics shown on left and corresponding isotherms on right with adsorption in red and desorption 
in blue.

Natural fiber 50/50 Toluene/Water sorption at 25oC. Prior to sorption measurements the fiber was dried at 25oC and under high vacuum for 240min. 
Adsorption/desorption cycles showing water-toluene kinetics (left) and resulting isotherms (right).

High temperature preheater  for in-situ degassing/
activation
Maximum temperature: 400oC
Heating ramp rates:  up to 10oC/min
Sensors: Pt-100 thermocouple

Gas /vapor injection system (Upstream control)
Injection system consists of mass flow controllers 
(upstream) which can deliver vapors and gases of 
desired flow rates.
Number of Mass flow controllers: 2
Full scale: 200 sccm
Adsorptive species:  organic solvents i.e. 
water, toluene, methanol, ethanol, benzene, 
acetaldehyde
Gases: CO2, N2, 2000 ppm NH4, H2S

Butterfly valve (downstream control)
The butterfly valve regulates the amount of vapors 
or gases in the system by opening and closing 
depending on the pressure inside the chamber, 
while total pressure is kept constant. 

Water vapor and organic vapors 
Water vapor is generated  up  to 90% P/Po  in 
the temperature range between 20 to 70oC. 
Water vapor can be generated in a limited P/Po 
range above 70oC up to 150oC. Organic vapor 
generation is limited to solvents’ boiling point 
temperatures. 

Gases
Gas adsorption up to  atmospheric pressure can be 
performed using pure or mixtures of gases.

Vacuum system
Vacuum pump: rotary vane pump
Ultimate vacuum 1x10-3 Torr
High vacuum pump: Turbomolecular pump
Ultimate vacuum: 4x10-8 Torr

Vacuum stand
Manifold: 316 stainless steel
Diaphragm valves orbital welded
Seals: Viton, Kalrez (MFCs), Cu gaskets
Tubing: 1/4 inch stainless steel

Vacuum
Manifold

Preheater

Microbalance

Sample Reference

Rotary
Pump

Turbomolecular
Pump

Butterfly
Valve

Transducer 1 Transducer 2

Vacuum 
Gauge

Vapor 1 or
Gas 1

Gas 2 or
Vapor 2

MFC 1

MFC 2

Temperature
Enclosure

DVS Vacuum Schematic
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Specifications

Temperature
Temperature controlled enclosure 
Control range: 20°C to 70°C  
Regulation accuracy: ±0.2°C
Enclosure also provides  anti-condensation 
protection.

Weight measurement
High Resolution microbalance
Sample mass:   between 1 and 1000mg  
Mass change:    ±150mg
Resolution (precision):   0.1 µg
Peak to peak noise:  ≤ 0.3 µg

Pressure measurement
1000 Torr Baratron full scale from  0.01 up to 
1000 Torr (standard)
10 Torr Baratron: full scale from  0.005  up to 
10 Torr (standard)
Other ranges available upon request (100 and 
500 Torr)
Accuracy: ±0.5 of Reading 

Resolution: 0.01% of full scale
 

 

Vacuum pressure measurement
Vacuum pressure transducer:  full scale from 
1x10-8 Torr up to 760 Torr

Computer hardware and software
The system is fully automated and controlled 
by purpose-built software. Data can be 
analyzed in real time using analysis software. 

UK (Head office)
Unit 5 Wharfside, Rosemont Road
Alperton, London, HA0 4PE, UK
Phone: +44 (0) 208 795 9400

USA (Regional Office)
2125 28th Street SW, Suite 1
Allentown, PA, 18103
Phone: +1 610 798 8299

Email: sales@surfacemeasurementsystems.com
www.SurfaceMeasurementSystems.com


