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1. DSC thermograms of sodium citrate buffer without and with cryoprotectants upon heating 

at rates of 40°C/min (curves taken from Figure 4 in the manusript). Scans were analyzed for 

their glass transition temperatures. 

 

2. OCM images of sodium citrate buffer without and with cryoprotectans upon heating at 

various rates. Note the length of each droplet and the different lightening (standard 

transmitted light and crossed-polarized light) 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DSC thermograms of sodium citrate buffer without and with cryoprotectants upon heating 

at rates of 40°C/min (curves taken from Figure 4 in the manusript). Scans were analyzed for 

their glass transition temperatures. 

 
 

 

 

 

   



 

  

  

 

 

 

 
 



 

 

 

 

 

 

 

 

OCM images of sodium citrate buffer without and with cryoprotectans upon heating at 

various rates. Note the length of each droplet and the different lightening (standard 

transmitted light and crossed-polarized light) 

 

 

 

 

 

 

 

 

 

 

 



so
d

iu
m

 c
it

ra
te

 b
u

ff
er

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

Tf -23°C -50°C-45°C-35°C-25°C -40°C-30°C -80°C

Tf -30°C -31.5°C-20°C

2
–

1
0

 °
C

/m
in

-80°C -45°C -35°C-50°C -40°C -30°C -20°C -10°C

-20°C0°C

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

-30°C -80°C

-80°C-50°C

-50°C

-45°C

-45°C-40°C

-40°C

-35°C

-35°C

-50°C

-50°C-80°C

-80°C

-45°C

-45°C

-40°C

-40°C -35°C

-35°C

-30°C

-30°C -10°C-20°C

-20°C -10°C



+ 
L-

A
rg

in
in

e
co

o
lin

g
h

ea
ti

n
g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf-30°C -31°C -35°C -40°C -45°C -50°C -80°C-20°C

-80°C -50°C

-45°C -40°C

-30°C -20°C

-10°C -5°C

-50°C

-80°C

-40°C-30°C

Tf -27°C-20°C

-70°C-60°C

-15°C -5°C

-80°C-70°C-50°C-45°C-40°C-30°C

Tf -28.5°C

-20°C

-10°C -5°C



+ 
L-

C
ys

te
in

e
co

o
lin

g
h

ea
ti

n
g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

-20°C Tf-24.3°C -30°C -35°C -40°C -50°C -60°C -80°C

-80°C -50°C -45°C

-40°C

-35°C -30°C

-10°C 0°C

-35°C -40°C

-30°C

Tf-27,7°C

-45°C -50°C -70°C

-80°C

-15°C -5°C

-30°C

Tf -31.6°C

-33°C -35°C -40°C -50°C -60°C -80°C

-40°C -30°C -20°C -5°C-10°C -1°C-80°C

-80°C

-50°C

-50°C -45°C -40°C -30°C-35°C



+ 
L-

H
is

ti
d

in
e

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf=-23°C -25°C -30°C -35°C -40°C -80°C-50°C-45°C

-80°C -50°C

-40°C -35°C

-30°C -20°C

-10°C -5°C

Tf=-22.6°C -25°C -30°C

-35°C -40°C -45°C -50°C

-70°C

-20°C

Tf -28.6°C

-30°C -35°C -40°C -50°C -80°C

-35°C
-30°C -25°C -10°C 0°C-80°C

-80°C

-50°C

-50°C



+ 
L-

Ly
si

n
e

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf=-30.4°C -31.5°C -35°C -40°C -45°C -50°C -55°C -80°C

-50°C-80°C

-40°C -30°C

-25°C -20°C

-15°C -10°C

Tf-26.6°C

-30°C

-40°C -45°C -50°C
-55°C -80°C-70°C

-55°C -45°C -40°C -5°C-15°C-20°C-35°C

-55°C -50°C -45°C -40°C -30°C -20°C -10°C

-60°C-50°C-40°C-30°C

-28.5°C-20°C -25°C



+ 
L-

P
ro

lin
e

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

-20°C Tf-30°C -40°C -45°C -50°C -55°C -60°C -80°C

-80°C -55°C

-50°C -45°C

-40°C -30°C

-20°C -12°C

-20°C
Tf-26.8°C -30°C

-40°C -45°C -50°C -55°C -80°C

-55°C -50°C -45°C -40°C -30°C -20°C -5°C-80°C

-20°C

-30°C

-40°C -45°C -50°C -55°C -60°C -80°C

-55°C -50°C -45°C -40°C -30°C -20°C 0°C

-80°C



Tr
eh

al
o

se
co

o
lin

g
h

ea
ti

n
g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf -30°C -35°C -40°C -45°C -50°C -60°C -70°C -80°C

-80°C -50°C -40°C -35°C -30°C -27.6°C -25°C -20°C

-20°C -41°C

-46°C -80°C

-33.4°C -30°C -15°C-25°C-35°C-40°C-50°C-80°C

-30°C Tf-33.1°C -40°C

-45°C -50°C -55°C -60°C -80°C

-45°C-50°C
-30°C -25°C -15°C -5°C

-30°C -43°C -70°C-60°C

500 µm

500 µm

500 µm

500 µm

500 µm



Su
cr

o
se

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

20°C Tf-27.5°C -30°C -40°C -45°C -50°C -80°C-37.5°C

-80°C -50°C

-40°C -35°C

-30°C

-10°C-15°C

-20°C

-50°C -45°C -40°C -5°C-30°C -20°C-35°C

-20°C Tf-30°C -35°C

-40°C -45°C -50°C -60°C -80°C

-50°C -45°C -40°C -35°C -30°C -20°C -10°C

-30°C

-40°C

-45°C -50°C -55°C
-60°C -70°C -80°C



Po
ly

so
rb

at
e 

2
0

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

-40°C -50°C -60°C
-35°C-30°CTf-27.3°C -70°C -80°C

-80°C -50°C

-45°C -40°C -30°C -20°C -10°C -5°C

Tf-20.9°C

-30°C -35°C

-40°C -45°C -50°C -60°C -80°C

-80°C-70°C
-50°C-45°C-40°C-30°CTf-28.9°C-20°C

-50°C -45°C -40°C -35°C -30°C -20°C -5°C

-50°C -45°C -40°C -35°C -30°C -20°C -5°C



vvv

Po
ly

so
rb

at
e 

8
0

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

-50°C -80°C

Tf-19.4°C -30°C

-40°C -45°C -50°C
-60°C -70°C -80°C

-50°C
-45°C -40°C -35°C -30°C -20°C 0°C

Tf-21°C -30°C -35°C -40°C -45°C -50°C

-70°C -50°C

-45°C -40°C

-35°C -30°C

-10°C 0°C

Tf-25°C

-30°C -35°C

-40°C -45°C -50°C -60°C -80°C

-80°C -50°C -45°C -40°C -35°C -30°C -10°C -5°C



G
ly

ce
ro

l
co

o
lin

g
h

ea
ti

n
g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf -30°C -40°C -45°C -46°C -50°C -55°C -60°C -80°C

-80°C -60°C -50°C -40°C -30°C -20°C -15°C -10°C

-55°C-50°C

-45°C-40°C-35°C

Tf -28°C -80°C-60°C

-80°C -60°C -50°C -40°C -35°C -30°C -20°C -5°C

Tf -30°C -35°C

-40°C

-45°C -50°C -55°C
-60°C -80°C

-60°C -50°C-80°C -40°C -35°C -30°C -15°C -5°C



M
an

n
it

o
l

co
o

lin
g

h
ea

ti
n

g

0
.5

 –
1

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

2
–

1
0

 °
C

/m
in

0
.5

 –
1

 °
C

/m
in

2
–

1
0

 °
C

/m
in

2
0

 –
4

0
°C

/m
in

Sl
o

w
Sl

o
w

M
e

d
iu

m
M

e
d

iu
m

Fa
st

Fa
st

Tf -32.2°C

-35°C -40°C

-50°C -55°C -60°C -80°C

-50°C -40°C 2.5°C-35°C -30°C -5°C-20°C

Tf -35°C -38°C -40°C -45°C -50°C -60°C -75°C -80°C

-80°C -50°C -45°C -40°C -37°C -35°C -30°C -15°C

Tf -30°C -35°C

-40°C

-45°C

-45°C -50°C -55°C -80°C-70°C

-80°C -50°C -45°C -40°C -35°C -30°C -20°C -5°C


	SI_Glass transitions
	SI_Cryoprotectoren during freezing and thawing

