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Agenda

• Creating a TOPEM Method

• Correlation of Heat Flow to Impulses

• TOPEM Evaluation
• Cp Frequency Evaluation
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Sapphire with a 1 C Step
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Cp is Correlated over Several Impulses
Reversing Heat Flow

Sapphire 9 Impulses
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Sample Temperature

TOPEM of Sapphire at 25 C
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Slope Correlated over
Several Impulses

Cp with an Exothermic Slope
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Simulated Exothermic Reaction

TOPEM w Exothermic Peak
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Peak is Correlated
Non Reversing Heat Flow

TOPEM w Exothermic Peak
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Glass Transition

TOPEM w Glass Transition
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Correlated with Temperature Peaks

TOPEM w Glass Transition
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Noise is Not Correlated
removed as Instrument Effect

Sapphire plus Noise Spike
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Changing Parameters in a Method
 

TOPEM measurement is low by only 1.5%

Literature value = 0.775 J/gC

Sapphire 46 mg

Method: TOPEM Wacky Test
dt 0.10 s
  25.0°C 30.0 min, TOPEM +/-2.000 K, 140 .. 160 s
  25.0°C 30.0 min, TOPEM +/-0.250 K, 140 .. 160 s
  25.0°C 30.0 min, TOPEM +/-0.050 K, 30 .. 60 s
Synchronization enabled

mW
5

min0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Heat Capacity is Accurate
regardless of TOPEM impulse amplitude

Jg -̂1°C -̂1

0.60

0.65

0.70

0.75

0.80

0.85

min0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

^exo Changing TOPEM Impulse Amplitude 21.08.2006 10:07:02

STAR e SW 9.01DEMO Version  

Actual
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Affect of Impulse Duration
on Cp Value

Sapphire Heat Capacity
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Method Guidelines

• 5 to 7 impulses per transition
• Duration = 10X time to peak

– 15 to 30 secs for FRS5
– 30 to 60 secs for HSS7

• Heating Rate
– Calculated from duration and narrowest peak

• Amplitude
– 1 C for most scans
– 2 to 5 C for small Tg
– 0.05 to 0.1 C for melting
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TOPEM of PET at 2 °C/min

_&PET TOPEM
Heatflow
PET TOPEM, 9.3200 mg

mW

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

°C40 60 80 100 120 140 160 180 200 220 240 260

^exo TOPEM PET After BL Subtraction 28.08.2006 07:58:18

STARe SW 9.01DEMO Version  

2 °C/min heating rate
1 °C impulse
30-60 sec duration
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PET Basic TOPEM Results

2 °C/min
0.05 °C Impulse
30-60 sec Duration

quenched PET
9.32 mg 

Reversing Heat Flow

Non Reversing Heat Flow

Total Heat Flow

Wĝ -1
0.5

°C40 60 80 100 120 140 160 180 200 220 240 260

^exo TOPEM PET Std TOPEM 31.08.2006 16:11:14

STARe SW 9.01DEMO Version  

Amplitude too large

Not enough pulses
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TOPEM of Amorphous PET

2 °C/min Standard DSC

Quenched after 
10 minutes at 275 °C

PET 9.32 mg

D
CBA

A

Wĝ -1
0.2

°C40 60 80 100 120 140 160 180 200 220 240 260

^exo PET Standard DSC 25.08.2006 15:22:26

STARe SW 9.01DEMO Version  
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PET Glass Transition
2 °C Impulse Amplitude

Maximum Cp sensitivity

20-120 secs duration
Wide frequency range

2 mins/impulse

10 impulses/transition
Best resolution

20 mins/transition

4 °C / 20 mins = 0.2 °C/min

Optimal Sett ings

0.2 °C/min

2 °C impulse

20-120 secs duration

4 °C wide

Glass Transition
Onset 71.33 °C
Midpoint 73.36 °C
Endpoint 75.63 °C

Wĝ -1
0.01

°C60 62 64 66 68 70 72 74 76 78 80 82 84 86 88

^exo PET Standard DSC Glass Transition 25.08.2006 15:29:17

STARe SW 9.01DEMO Version  
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PET Cold Crystallization
0.05 °C Impulse Amplitude

Minimize Super Heating/Cooling

30-60 secs duration
Default setting

1 min/impulse

10 impulses/transition
Best resolution

10 mins/transition

10 °C / 10 mins = 1 °C/min

Optimal Sett ings

1 °C/min

0.05 °C impulse

30-60 secs duration

10 °C wide

Integral 302.50 mJ
Onset 116.53 °C
Endset 126.02 °C

Wĝ -1
0.1

°C90 95 100 105 110 115 120 125 130 135 140 145

^exo PET Standard DSC Cold Crystall ization 25.08.2006 15:35:07

STARe SW 9.01DEMO Version  
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PET Melting Transition

0.05 °C Impulse Amplitude
Minimize Super Heating/Cooling

30-60 secs duration
Default setting

1 min/impulse

10 impulses/transition
Best resolution

10 mins/transition

23 °C / 10 mins = 2.3 °C/min

Optimal Sett ings

2 °C/min

0.05 °C impulse

30-60 secs duration

23 °C wide

Integral -593.33 mJ
Onset 242.06 °C
Endset 265.06 °C

Wĝ -1
0.1

°C200 205 210 215 220 225 230 235 240 245 250 255 260 265 270

^exo PET Standard DSC Melting 25.08.2006 15:40:23

STARe SW 9.01DEMO Version  
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Creating a TOPEM Method

• Default method window

• Select TOPEM segment

• Select Dynamic segment
• Select impulse amplitude

• Select impulse duration

• Select crucible

• Save method
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Adding 1st Segment
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Adding 1st Segment

Impulse Duration
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1st Segment Complete
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Add Second Segment



For use by ASTM Committee E37 ONLY

26

Third Segment
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Fourth Segment
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Fifth Segment, etc.
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Enter the Experiment Info
Select Method

Sample Pan Weight

Reference Pan Weight

Sample Name

Sample Mass

Location on Carrousel

Select Customer

Add Remarks

Select DSC832s

Send Experiment
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Experiments in Queue
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TOPEM PET after Raw Data

Method: TOPEM PET analysis
dt 0.10 s
  25.0-60.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s
  60.0-90.0°C 0.20°C/min, TOPEM +/-1.000 K, 20 .. 120 s
  90.0-150.0°C 1.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s
  150.0-200.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s
  200.0-275.0°C 2.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s
Synchronization enabled

_&PET TOPEM Special test
Heatflow
PET TOPEM Special test, 9.3200 mg

mW
2

°C40 60 80 100 120 140 160 180 200 220 240 260

^exo TOPEM PET Special Test 28.08.2006 08:20:15

STARe SW 9.01DEMO Version  
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TOPEM Evaluation

Time of two impulses10% of Calc Window
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TOPEM Evaluation Settings

Select the curves to plot
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Advanced TOPEM Evaluation Parameters

Corrects for Cp difference

Number of variables in equations
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First plot of PET Special

PET after quenching

TOPEM Evaluation Parameters
  Width of Calculation Window: 120.0 s
  Shift of Calculation Window: 1.0 s
  Sample Pan Weight : 21.8 mg
  Reference Pan Weight: 21.9 mg
  Sample Response Parameter: 60
  Instrument Response Parameter: 60
  HFnon rev: Quadratic
  Width of Smoothing Window: 120.0 s

Method: TOPEM PET analysis
dt 0.10 s
  25.0-60.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s
  60.0-90.0°C 0.20°C/min, TOPEM +/-1.000 K, 20 .. 120 s
  90.0-150.0°C 1.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s
  150.0-200.0°C 2.00°C/min, TOPEM +/-0.500 K, 30 .. 60 s
  200.0-275.0°C 2.00°C/min, TOPEM +/-0.025 K, 30 .. 60 s
Synchronization enabled

Reversing Heat Flow

Total Heat Flow

Non Reversing Heat Flow

Wĝ -1
0.5

°C40 60 80 100 120 140 160 180 200 220 240 260

^exo TOPEM PET Special Test 28.08.2006 08:20:15

STARe SW 9.01DEMO Version  
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Select the Glass Transition Region

TOPEM Freq. Evaluation *
 Left start 60.91 °C
 Left end 62.08 °C
 Right start 84.18 °C
 Right end 85.65 °C

Cp0

J ĝ -1°C -̂1
0.02

°C62 64 66 68 70 72 74 76 78 80 82 84 86 88

^exo TOPEM Select Tg Range 12.09.2006 13:57:52

STARe SW 9.01DEMO Version  
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Select Frequencies
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Select Curves
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Heat Capacity with Left Correction

20 mHz

10 mHz

5 mHz

2 mHz

1 mHz

TOPEM Freq. Evaluation  
 Left start 60.91 °C
 Left end 61.30 °C
 Right start 84.76 °C
 Right end 85.32 °C

Cp0

J ĝ -1°C -̂1
0.02

°C62 64 66 68 70 72 74 76 78 80 82 84 86 88

^exo TOPEM Delta Cp vs. Frequency 12.09.2006 14:41:20

STARe SW 9.01DEMO Version  
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Glass Transition Shift with Frequency

73.61 °C

74.20 °C

74.89 °C

75.59 °C

75.88 °C

76.11 °CCp 60 mHz

Cp 50 mHz

Cp 40 mHz

Cp 30 mHz

Cp 20 mHz

Cp0

TOPEM Freq. Evaluation  
 Left start 60.91 °C
 Left end 61.98 °C
 Right start 84.43 °C
 Right end 85.65 °C

J ĝ -1°C -̂1
0.1

°C62 64 66 68 70 72 74 76 78 80 82 84 86 88

^exo TOPEM PET Tg Frequency Evaluation 06.09.2006 13:21:30

STARe SW 9.01DEMO Version  



For use by ASTM Committee E37 ONLY

41

Glass Transition vs. Frequency

PET Tg versus Frequency
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Comparison of TOPEM and ADSC

glass transition of PS

ADSC:   c*(16.7 mHz)
TOPEM: c*(16.7 mHz)

heating at 1 K/min

cooling at 1 K/min
Jg -̂1°C -̂1

0.5

°C85 90 95 100 105 110 115 120

^exo PS ADSC--TOPEM comp. 04.10.2005 15:17:23

STARe SW 9.00DEMO Version   

16.7 mHz frequency = 60 sec period
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Summary
• TOPEM ® DSC measures the reversing and non reversing heat flow from a sample at 

all frequencies by using a stochastic temperature impulse in combination with an 
isotherm or temperature ramp.

– TOPEM DSC solves the heat flow equation for the samples response to temperature 
impulses.

– The mathematical solution is applied to a temperature sine wave of a fixed frequency.
– TOPEM calculates the heat capacity, reversing and non reversing heat flow for the sample.

• TOPEM DSC produces the same results as ADSC (Mettler) or MDSC® (TAI).
• It does not matter if the temperature sine wave is applied to the sample directly 

(ADSC & MDSC ®) or to the mathematical model after the data is collected (TOPEM), 
the results are the same.

• TOPEM DSC and MDSC ® (or ADSC) should all fall under the definition of Modulated 
Temperature DSC since they all give the same result.

MDSC is a trademark owned by TA Instruments, Inc.
TOPEM is a trademark owned by Mettler-Toledo, Inc.


