
Color Change
Change in Ph-
Indicator Paint
P R E S E N T E D  B Y  C R O S S I A  S U L L I V A N

S C I E N C E  A N D
E N G I N E E R I N G  F A I R



R E S E A R C H  Q U E S T I O N
W H I C H  T Y P E  O F  P A I N T  B I N D E R  M O S T
A F F E C T S  T H E  I N T E N S I T Y  O F  C O L O R

C H A N G E  I N  A  M U LT I - L AY E R  P H -
I N D I C A T O R  P A I N T  I N  A C I D I C  A N D  B A S I C

E N V I R O N M E N T S ?
VA R I A B L E S
I N D E P E N D E N T  VA R I A B L E  

T H E  T Y P E  O F  P A I N T
B I N D E R  U S E D  
A C I D  O R  B A S E

A P P L I E D  T O  P A I N T
  R E D  C A B B A G E  O R

T U R M E R I C  U S E D  A S
P H  I N D I C A T O R

D E P E N D E N T  VA R I A B L E  -  
I N T E N S I T Y  O F  C O L O R

C H A N G E

C O N S T A N T S
S A M E  P I G M E N T S  ( R E D  C A B B A G E  E X T R A C T  A N D
T U R M E R I C  S O L U T I O N ) .
S A M E  P I G M E N T  C O N C E N T R A T I O N  A N D  L AY E R
T H I C K N E S S .
S A M E  C A N VA S  T Y P E  A N D  S I Z E .
S A M E  D R Y I N G  T I M E  B E T W E E N  L AY E R S .  
S A M E  A C I D  ( V I N E G A R )  A N D  B A S E  ( B A K I N G
S O D A )  C O N C E N T R A T I O N S .
S A M E  A M O U N T  O F  A C I D / B A S E  A P P L I E D .
S A M E  R O O M  T E M P E R A T U R E  A N D  L I G H T I N G .
S A M E  A M O U N T  O F  B I N D E R  I N  S O L U T I O N S
S A M E  A M O U N T  O F  P H - I N D I C A T O R  I N  S O L U T I O N S .



Hypothesis
I F  T H E  P A I N T  B I N D E R  I S  M O R E  P O R O U S ,  L I K E  E G G  Y O L K
A N D  G U M  A R A B I C ,  T H E N  T H E  C O L O R  C H A N G E  W I L L  B E

M O R E  I N T E N S E ,  B E C A U S E  A C I D S  A N D  B A S E S  C A N  D I F F U S E
M O R E  E A S I LY  T H R O U G H  T H E  P A I N T  L AY E R S  T O  R E A C H  T H E

P I G M E N T S .



MaTERIALS
M A T E R I A L S  F O R  P R E PA R A T I O N

2 X  H E A D S  O F  R E D  C A B B A G E
1 L  W A T E R
1 X  1 L  S A U C E P A N
1 X  S T O V E  T O P
1 X  K N I F E  
3 0 G  T U R M E R I C  P O W D E R
3 0 M L  W A T E R
2 X  P L A S T I C  C U P S
P R O T E C T I V E  G L O V E S  A N D  A P R O N
K I T C H E N  S C A L E
1 X  T E A S P O O N

M A T E R I A L S  F O R  T E S T I N G
7 0  M L  W A T E R
2 0 M L  W H I T E  G L U E
1 0 G  E G G  Y O L K  P O W D E R
1 0 G  F L O U R  
1 0 G    G U M  A R A B I C  P O W D E R
1 0 G  C A S E I N  P O W D E R
  9  M I N I  W H I T E  C A N VA S
2 X  5  M L  P I P E T T E S  
1 X  P A I N T  B R U S H  
1 2 X  M I N I  P L A S T I C  C U P S
3 0  M L  D I S T I L L E D  W H I T E  V I N E G A R
1 5 G  B A K I N G  S O D A
S T O P W A T C H  O R  T I M E R
C A M E R A



PrOCEDUREP R E PA R E  P H - I N D I C A T O R
1 . T A K E  O U T  A L L  O F  T H E

M A T E R I A L S  L I S T E D  A B O V E .
2 . P U T  O N  P R O T E C T I V E

G L O V E S  A N D  A N  A P R O N .
3 . C H O P  B O T H  O F  T H E  H E A D S

O F  R E D  C A B B A G E S  I N
M E D I U M  S I Z E D  P I E C E S

4 . P U T  P I E C E S  I N  A
S A U C E P A N  T H A T  C A N  H O L D
I T  W I T H  A  L I T E R  O F
W A T E R .

5 . B O I L  T H E  S O L U T I O N  O N
T H E  S T O V E T O P  A T
M E D I U M - H I G H  H E A T  F O R
3 0  M I N U T E S  T H E N  S T R A I N
A N D  L E T  I T  C O O L  F O R  2 0 -
4 0  M I N U T E S .

6 . M I X  2 0 G  O F  T U R M E R I C
P O W D E R  W I T H  4  T S P  O F
R O O M  T E M P E R A T U R E
W A T E R  A N D  S T I R .

7 . P U T  T H E  T U R M E R I C  A N D
R E D  C A B B A G E  S O L U T I O N S
I N  2  L A B E L E D  P L A S T I C
C U P S .

P R E PA R E  B I N D E R
S O L U T I O N S
8 . U S I N G  A  K I T C H E N  S C A L E ,

W E I G H  1 0 G    O F  C A S E I N
P O W D E R ,  G U M  A R A B I C
P O W D E R ,  D R I E D  E G G  Y O L K ,
A N D  F L O U R  A N D  P U T  E A C H
I N  A  D I F F E R E N T  L A B E L E D
P L A S T I C  C U P .

9 . M I X  T H E  1 0 G  O F  C A S E I N
P O W D E R  W I T H  1 0  M L ( U S I N G
2  T S P )  O F  W A T E R  A N D  S T I R .

1 0 .M I X  T H E  1 0 G  O F  G U M
A R A B I C  P O W D E R  W I T H  1 0
M L  O F  W A T E R  A N D  S T I R .

1 1 . M I X  T H E  1 0 G  O F  F L O U R
W I T H  1 0  M L  O F  W A T E R  A N D
S T I R .

1 2 . M I X  T H E  1 0 G  O F  D R I E D  E G G
Y O L K  W I T H  1 0  M L  O F  W A T E R
A N D  S T I R .

1 3 . M E A S U R E  2 0  M L  O F  W H I T E
G L U E  A N D  P U T  I T  I N T O  1
P L A S T I C  C U P .

M I X  P H  I N D I C A T O R  &
B I N D E R S O L U T I O N S

1 4 . W E I G H  A N D  M I X  5 G  O F  T H E  G U M  A R A B I C
M I X T U R E  W I T H  1 T S P ( 5 M L )  O F  T H E  R E D
C A B B A G E  S O L U T I O N  I N  A  D I F F E R E N T  M I N I
P L A S T I C  C U P .

1 5 . R E P E A T  T H I S  W I T H  E V E R Y  B I N D E R  A D D I N G
5 G ( P A S T E )  O R  1  T S P ( L I Q U I D )  O F  T H E
B I N D E R  T O  1 T S P  O F  T H E  R E D  C A B B A G E
S O L U T I O N .

1 6 .W E I G H  A N D  M I X  5 G  O F  T H E  C A S E I N
S O L U T I O N  W I T H  1 T S P ( 5 M L )  O F  T H E
T U R M E R I C  S O L U T I O N  I N  A  D I F F E R E N T
M I N I  P L A S T I C  C U P .

1 7 . R E P E A T  T H I S  W I T H  E V E R Y  B I N D E R  A D D I N G
5 G ( P A S T E )  O R  1  T S P ( L I Q U I D )  O F  T H E
B I N D E R  T O  1 T S P  O F  T H E  T U R M E R I C
S O L U T I O N .

P R E PA R E  A C I D  A N D  B A S E
1 8 . U S I N G  T H E  K I T C H E N  S C A L E ,  W E I G H  O U T

1 5 G  B A K I N G  S O D A  I N T O  A  P L A S T I C  C U P  
1 9 .U S I N G  T H E  T E A S P O O N ,  M E A S U R E  3 0 M L

O F  W A T E R  A N D  M I X  W I T H  B A K I N G  S O D A .
2 0 .M E A S U R E  A N D  P U T  4 5 M L  O F  D I S T I L L E D

W H I T E  V I N E G A R  I N T O  A  P L A S T I C  C U P .



Procedure 
PA I N T  T H E  R E D  C A B B A G E  L AY E R S
2 1 . O N  1  O U T  O F  6  O F  T H E  L A B E L E D  S E C T I O N S  O F  A

C A N VA S ,  P A I N T  1  L AY E R  O F  T H E  R E D  C A B B A G E  &
B I N D E R  S O L U T I O N  F O R  T H E  B I N D E R  T H A T  I S  B E I N G
T E S T E D .

2 2 .S E T  A  T I M E R  A N D  L E T  I T  D R Y  F O R  6 0  M I N U T E S .
2 3 . R E P E A T  T H I S  6  T I M E S  O N  T H E  S A M E  C A N VA S .
2 4 .T A K E  A  P I C T U R E  O F  T H E  C A N VA S  W I T H  T H E  C A M E R A

B E F O R E  T H E  A C I D  O R  B A S E  I S  A P P L I E D .
2 5 .D R O P  5  D R O P S  O F  T H E  B A K I N G  S O D A  S O L U T I O N  O N

E A C H  O F  3  O F  T H E  6  S E C T I O N S  U S I N G  T H E    5 M L
P I P E T T E .

2 6 .D R O P  5  D R O P S  O F  V I N E G A R  O N  E A C H  O F  T H E  O T H E R
3  S E C T I O N S  U S I N G  T H E  P I P E T T E .

2 7 .T H E N  L E T  I T  D R Y  F O R  T E N  M I N U T E S  U S I N G  T H E
T I M E R .

2 8 .U S I N G  T H E  C A M E R A ,  T A K E  A  P I C T U R E  O F  T H E
R E S U LT S  O N  T H E  C A N VA S .

2 9 .R E P E A T  T H E S E  S T E P S  F O R  E A C H  B I N D E R  O V E R A L L
U S I N G  5  C A N VA S E S .

3 0 .T H E N  R E P E A T  T H E S E  S T E P S  5  T I M E S  A G A I N  B U T
I N S T E A D  A P P LY  5  D R O P S  O F  W A T E R  T O  T H E  L AY E R
O N LY  U S I N G  3  L A B E L E D  S E C T I O N S  O F  T H E
C A N VA S S E S  F O R  E A C H  B I N D E R  A N D  R E D  C A B B A G E
M I X T U R E ,  O V E R A L L  H AV I N G  2  A N D  A  H A L F
C A N VA S E S .

PA I N T  T H E  T U M E R I C  L AY E R S
3 1 . O N  1  O U T  O F  6  O F  T H E  L A B E L E D  S E C T I O N S  O F  A

C A N VA S ,  P A I N T  1  L AY E R  O F  T H E  T U R M E R I C  A N D
B I N D E R  S O L U T I O N  F O R  T H E  B I N D E R  T H A T  I S  B E I N G
T E S T E D .

3 2 .R E P E A T  T H I S  3  T I M E S  O N  H A L F  O F  T H E  6
S E C T I O N S .

3 3 .O N  T H E  O T H E R  H A L F  O F  T H E  C A N VA S ,  P A I N T  1
L AY E R  O F  A  D I F F E R E N T  T U R M E R I C  A N D  B I N D E R
S O L U T I O N  I N  O N E  S E C T I O N .

3 4 .R E P E A T  T H I S  3  T I M E S  O N  T H E  O T H E R  H A L F  O F  T H E
6  S E C T I O N S .

3 5 .L E T  I T  D R Y  F O R  6 0  M I N U T E S  U S I N G  T H E  T I M E R .
3 6 .T A K E  A  P I C T U R E  O F  T H E  C A N VA S  W I T H  T H E

C A M E R A  B E F O R E  T H E  B A S E  I S  A P P L I E D .
3 7 .A P P LY  5  D R O P S  O F  T H E  B A K I N G  S O D A  S O L U T I O N

T O  E A C H  O F  T H E  6  S E C T I O N S .
3 8 .S E T  A  T I M E R  F O R  1 0  M I N U T E S  A N D  L E T  T H E  P A I N T

D R Y.
3 9 .T A K E  A  P I C T U R E  O F  T H E  C A N VA S  S H O W I N G  T H E

R E S U LT S .
4 0 .. R E P E A T  T H E S E  S T E P S  F O R  E A C H  B I N D E R  O V E R A L L

U S I N G  2  A N D  A  H A L F  C A N VA S E S ,  O N LY  D O I N G  O N E
B I N D E R  O N  T H E  H A L F  O F  T H E  C A N VA S .

4 1 . T H E N  R E P E A T  T H E S E  S T E P S  5  T I M E S  A G A I N  B U T
I N S T E A D  A P P LY  5  D R O P S  O F  W A T E R  T O  T H E  L AY E R
U S I N G  3  L A B E L E D  S E C T I O N S  O F  T H E  C A N VA S S E S
F O R  E A C H  B I N D E R  A N D  T U R M E R I C  M I X T U R E .



PrOCEDURE CON’T

Binder type Average Color
Change Intensity

Water, Vinegar, or
Baking Soda used

Start color Result Color Observations

Gum Arabic 3 Baking Soda Tanned Yellow Crimson Red Little red and yellow spreading, little bubbles

Gum Arabic 0 Water Tanned Yellow Tanned Yellow Thin, glossy

White Glue 5 Baking Soda Dark Muddy Yellow Very Dark Brown Little red spreading, sandy texture

White Glue 0 Water Dark Muddy Yellow Dark Muddy Yellow Thick, sandy texture

Casein 4 Baking Soda Bronzed Yellow Dark Brown Sandy texture, little-no red and yellow spreading

Casein 0 Water Bronzed Yellow Bronzed Yellow Sandy Texture, little-no red and yellow spreading

Flour 2 Baking Soda Dark Yellow/Orange Chocolate Brown Little red spreading, tiny cracks

Flour 0 Water Dark Yellow/Orange Dark Yellow/ Orange Medium thickness, smooth

Egg Yolk Tempera 3 Baking Soda Dark Yellow Very Dark Red/
Orange

Chunky, Medium brown and yellow spreading

Egg Yolk Tempera 0 Water Dark Yellow Dark Yellow Sandy texture, medium thickness

                            R E C O R D  D A T A
4 2 .A F T E R  D R Y I N G  F O R  1 0  M I N U T E S ,  F O R  E A C H  P H  I N D I C A T O R  P A I N T  R A T E  T H E  C O L O R  C H A N G E  I N T E N S I T Y  O N

A  S C A L E  O F  1 – 5  ( 1  =  V E R Y  L I T T L E  C H A N G E ,  2 =  F A I N T  C H A N G E ,  3 =  M E D I U M  C H A N G E ,  4 =  S T R O N G  C H A N G E ,
5  =  V E R Y  S T R O N G  C H A N G E ) .  

4 3 .W R I T E  D O W N  A N Y T H I N G  T H A T  I S  O B S E R V E D  A B O U T  T H E  P A I N T S .
4 4 .F O R  E A C H  P H  I N D I C A T O R  P A I N T  M A D E ,  AV E R A G E  T H E  R E S U LT S  O F  T H E  3  T E S T S  F O R  T H E  AV G .  C O L O R

C H A N G E  I N T E N S I T Y. Binder  and Turmeric Results



Binder type Average Color Change
Intensity

Water, Vinegar, or Baking
Soda used

Start color Result Color Observations

Gum Arabic 3 Vinegar Deep Sea Green Pale Lavender Large teal blotches

Gum Arabic 2 Baking Soda Deep Sea Green Dark Emerald Green Little-no spreading, constant color

Gum Arabic 0 Water Deep Sea Green Deep Sea Green Very Glossy, consistent color

White Glue 5 Vinegar Light Lavender/Blue Deep Teal Blue/ Green Constant color, Medium Spreading

White Glue 4 Baking Soda Light Lavender/Blue Pale Mint/ Lime Green Blue residue, Substantial Spreading

White Glue 0 Water Light Lavender/Blue Light Lavender/Blue Watery

Casein 2 Vinegar Pale Violet Purple Light Magenta Outer blue spread, Large cracking, Under bubbling

Casein 4 Baking Soda Pale Violet Purple Clover Green Faint purple spread, Under bubbling, Large cracking

Casein 0 Water Pale Violet Purple Pale Violet Purple Little white chunks

Flour 2 Vinegar Pale Purple/Gray Pastel Lilac Large dark purple chunks, medium light blue spreading

Flour 4 Baking Soda Pale Purple/Gray Mint Green Large dark green chunks, Faint little spreading, Medium sized cracks

Flour 0 Water Pale Purple/Gray Pale, Purple/Gray Dark purple chunks, reasonably thick

Egg Yolk Tempera 2 Vinegar Dark Olive Green Light Emerald Green Slight yellow residue, Under Bubbling, No spread

Egg Yolk Tempera 3 Baking Soda Dark Olive Green Dark Bronze Yellow Slight green tinge, Tiny bubbles, Little cracks, Faint spread

Egg Yolk Tempera 0 Water Dark Olive Green Dark Olive Green Splotchy

Binder and Red Cabbage Results



R E S U L T S -  G R A P H S



CONCLUSIOn
T H E  H Y P O T H E S I S  S T A T E D  T H A T  I F  T H E  P A I N T  B I N D E R  I S  M O R E  P O R O U S ,  L I K E  E G G

Y O L K  A N D  G U M  A R A B I C ,  T H E N  T H E  C O L O R  C H A N G E  W I L L  B E  M O R E  I N T E N S E ,
B E C A U S E  A C I D S  A N D  B A S E S  C A N  D I F F U S E  M O R E  E A S I LY  T H R O U G H  T H E  P A I N T

L AY E R S  T O  R E A C H  T H E  P I G M E N T S .  T H I S  W A S  P A R T I A L LY  C O R R E C T ,  F O R  B O T H  G U M
A R A B I C  A N D  E G G  Y O L K  H A D  A N  AV E R A G E  C O L O R  C H A N G E  I N T E N S I T Y  O F  2 . 5  I N  T H E

R E D  C A B B A G E  S O L U T I O N  A N D  3  W I T H  T H E  T U R M E R I C  S O L U T I O N .  H O W E V E R ,  T H E
B I N D E R  W I T H  T H E  M O S T  I N T E N S E  C H A N G E  W A S  W H I T E  G L U E  W I T H  A N  AV E R A G E  O F
4 . 5  W I T H  R E D  C A B B A G E  A N D  A N  AV E R A G E  O F  5  W I T H  T U R M E R I C ,  E V E N  T H O U G H  I T

I S  L E S S  P O R O U S  T H A N  B O T H  E G G  Y O L K  A N D  G U M  A R A B I C . T H I S  C O U L D  B E  B E C A U S E
W H I T E  G L U E  R E T A I N S  M O I S T U R E  A N D  T R A P P E D  T H E  P H  I N D I C A T O R  P I G M E N T S

C L O S E  T O  T H E  S U R F A C E .  O V E R A L L ,  W H I L E  M O R E  P E R M E A B L E  B I N D E R S  S U C H  A S
E G G  Y O L K  A N D  G U M  A R A B I C  O F T E N  A L L O W E D  G R E A T E R  C O L O R  S P R E A D I N G ,  T H E

S T R O N G E S T  C O L O R  C H A N G E  I N T E N S I T Y  W A S  N O T  P R O D U C E D  B Y  T H E  M O S T
P O R O U S  B I N D E R S .  A  P O S S I B L E  E R R O R  I N  T H I S  E X P E R I M E N T ' S  P R O C E D U R E S  C O U L D

B E  A N  U N E V E N  P A I N T  L AY E R  T H I C K N E S S  O R  A N  U N C O N S T A N T  D R O P  P L A C E M E N T  O N
A  L AY E R .  F U R T H E R  S T U D I E S  A N D  P R O J E C T S  C O U L D  T E S T  T H E  P O R O S I T Y  O F

S O L U T I O N S  M O R E  D I R E C T LY  T O  D E T E R M I N E  W H E T H E R  D I F F U S I O N  R A T E  D I R E C T LY
C O R R E L A T E S  W I T H  C O L O R  I N T E N S I T Y.
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