
1. Introduction
XRD-DSC is an attachment which executes X-

ray diffractometry (XRD) and Differential Scan-
ning Calorimetry (DSC) at the same time as it
heats or cools a sample at a particular heating
or cooling rate or keeps the sample at a particu-
lar temperature. This attachment is applied to
an X-ray diffractometer called “DMAX(RINT)/
ULTIMA �PC series” and “TTRAX series” de-
veloped by RIGAKU Corporation.

Simultaneous XRD and DSC measurements
can give the outline of physico-chemical changes
of the sample under heating or cooling processes
within a short time without problems arising
from separate measurements of XRD and DSC
such as specimen inhomogeneity and differ-
ence in the temperature distribution. Several at-
tempts on the simultaneous measurement for

XRD-DSC have been reported for these twenty
years, particularly using synchrotron radiation.
These attempts, however, have not produced
commercialized instruments because of their
highly customized design. 

Recently we developed an XRD-DSC instru-
ment, as a commercially available laboratory
system, by assembling a basic-type DSC unit on
a standard XRD goniometer in order to achieve
a design concept of reliable and simple in oper-
ation. A humidity control unit could also be
equipped with the present system, and it can be
used for studying hydration and dehydration
processes of organic and inorganic materials
such as pharmaceutical compounds, some of
which are unstable under high humidity condi-
tions. 

2. Features
� The simultaneous measurement with one

sample under the same temperature and
atmospheric conditions gives consistent re-
sult.

� Much useful information can be obtained
by a small amount of sample (5�10 mg)
within 1�2 hours.

� Temperature program can be changed
even during the measurement.

� Measurements under dry and various hu-
midity conditions can be made easily with-
out taking out the sample.

3. Specifications
(1) Components

Basic Components
a. DSC sample system including attach-

ment parts for the theta plate � � � one set
b. DSC circuit � � � � � � � � � � � � � � � � � � � � one set
c. Thermoplus DSC software � � � � � one set
d. XRD+DSC Manager application software

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � one set
e. Standard attachment� � � � � � � � � � � one set
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Product Information

Rigaku/XRD-DSC system. A) X-ray sealed tube, B) go-
niometer (ULTIMA), C) scintillation counter, D) DSC
unit, E) DSC control unit and F) humidity control unit.



Optional Components
• Humidity Generator (HUM-1B)
• Cooling Temperature Unit (incl. cooling

attachment)
(2) Measuring temperature range

Room temperature to 350°C (maximum)
�40 to 350°C (maximum) with an optional
cooling unit

(3) Measuring atmosphere
In air, nitrogen flowing (maximum flow rate
200 ml/min)
Measuring humidity range with an optional
humidity generator HUM-1B; 10%RH at
room temperature to 90%RH at 60°C

(4) Sample pan
Standard sample pan; Aluminium made
7�7�0.25 mm depth
Optional sample pan for liquids are also
available.

(5) Measuring XRD 2 theta range (Cu): 2 to 42°
(6) XRD scan speed

Standard 10 to 30°/2 theta. Scan speed of 5
to 40°/2 theta is available depending on
measurement conditions.

(7) Heating/Cooling rate 
Standard 1 to 5°C/min. Rate of 0.5 to 10°C/
min is available depending on measure-
ment conditions.

(8) XRD-DSC Manager Application software
After a measurement both of XRD and DSC
data files are joined together and displayed
by the XRD�DSC Manager application.

There are four types of acceptable XRD
data files with their extensions:
• Raw data (.raw)
• Smoothing processed data (.smo)
• Background processed data (.bkg)
• ASCII conversion data (.asc)

Acceptable DSC data files by the XRD+DSC
Manager should be processed through
smoothing, baseline rearrangement and
calibration besides raw data, and their ex-
tension is “mes.”. The XRD�DSC Manager
does not accept DSC data files converted by
ASCII.
Detail XRD or DSC analysis such as grain
size analysis, temperature and heat of tran-
sition should be operated separately by
each software.
The XRD+DSC Manager displays the fol-
lowing combinations:
a. DSC profile and XRD patterns per scan
b. DSC profile and XRD scan overlays
c. DSC profile and intensity change of

specified 2 theta peaks 

4. Scope of Application
The XRD-DSCII covers a broad range of appli-

cationd in different fields as shown in the appli-
cation tree (Fig. 1).

5. Typical Application

5.1. Phase Transition of Tolbutamide (Medi-
cine for Liver Trouble)
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Fig. 1. Application tree of XRD-DSC II.



Determination of crystalline phase during heat-
ing and cooling is one of the most  important
task for pharmaceutical research work. Figure 2
shows the crystalline phase deposited from the
melt of tolbutamide is different from that of
original and the crystalline after phase transi-
tion in the heating process.

The Rigaku XRD-DSC can easily reveal phase
transitions, their temperatures and energy dur-
ing heating and cooling using only 5–10 mg
sample.

Measuring condition:
Sample weight: 8.97 mg
Heating rate: 3°C/min
XRD scanning rate: 40°/min

5.2. Dehydration and Re-hydration of a ,a-Tre-
halose Dihydrate

Trehalose is known as a protective material
against drying and freezing stress and its dehy-
dration mechanism has been actively investi-
gated. We found its thermal behavior including
dehydrated product strongly depends on the
humidity conditions during dehydration.

Rehydration behavior of dehydrated
materials is very important in pharma-
ceutical research. Figure 3 show dehy-
dration of trehalose dihydrate in dry ni-
trogen and rehydration behavior at
36°C in low humidity atmosphere.

As shown in the Fig. 3, the dehy-
drated trehalose gradually converts to
hydrates under the humidity of 1.8 kPa
H2O (equivalent to 42%RH at 30°C).
Under the humidity of 2.3 kPa H2O
(equivalent to 54%RH at 30°C) the rehy-
dration rate increases. The Rigaku
XRD-DSCII equipped with the Humidity
Generator HUM-1B has proved to be a
useful tool for the investigation of re-
hydration of various hydrates and the
study of pharmaceutical substances
against humidity.
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Fig. 2.

Fig. 3.


