Lab 9 — Gold Electrodeposition

Pre-Lab Reading:

Deposition is a fundamental process in nanofabrication, playing a crucial role in the creation of
nanoscale structures and devices. Deposition techniques are employed to precisely add or grow thin
layers of materials onto substrates, enabling the fabrication of intricate nanostructures and devices with
enhanced functionalities.

There are various deposition methods used in nanofabrication, each with its specific advantages and
applications. Some common deposition techniques include physical vapor deposition (PVD), chemical
vapor deposition (CVD), atomic layer deposition (ALD), and electrochemical deposition. In this study,
we will explore the deposition of gold on the substrate through electrodeposition.

Objective:

The objective of this lab is for students to learn the process of electrodeposition. Thin gold films are
electrically deposited on the surface of a clear tin oxide coated conductive glass. The color change of the
thin film will be observed with increasing thickness of the film by the students. The optical properties
can also be observed upon thermal oxidation of the deposited film.

Background:

Electrodeposition is a process in which an electrical current is passed through a solution to reduce
cations to form a thin layer on the surface of a conductive material. It is a common technique used in
electrochemistry, where oxidation-reduction reactions occur. Oxidation involves the loss of electrons,
resulting in an increase in the oxidation state or oxidation number. Reduction involves the gain of
electrons, leading to a decrease in the oxidation state or oxidation number. This concept can be
remembered using the acronym OIL RIG (Oxidation Is Loss, Reduction Is Gain). The oxidation and
reduction occur simultaneously where the electrons are transferred between redox species.

In electrochemistry, two main applications are the Galvanic Cell and the Electrolytic Cell. A Galvanic
Cell uses a spontaneous chemical reaction to generate electric power. The batteries we use in everyday
life are examples of galvanic cells. An Electrolytic Cell uses electrical power to drive a nonspontaneous
reaction. Electrodeposition is essentially an application of an electrolytic cell. Like in a Galvanic cell,
two electrodes are employed in an electrolytic cell. The cathode is where reduction occurs (remembered
as "Red Cat"). The anode is where oxidation occurs (remembered as "An Ox"). The current runs from
the anode to the cathode.
Both nodes are completely
immersed in an electrolyte
solution, which allows for
the flow of electricity
through the circuit. Figure
9.1 shows the setup of an
electrolytic cell for
electrodeposition.
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Figure 9.1: Setup of an electrolytic cell for electrodeposition.
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over the surface composition of materials. In the manufacturing of microelectronics, a common
approach involves applying a patterned "mask" to an object, which selectively blocks metal deposition,
allowing it to occur only on the exposed areas. The process involves first applying the mask to the
sample, then depositing the metal onto the exposed regions, and finally removing the mask with a
solvent. The reverse of this process, known as electrochemical micromachining, involves etching metal
from a precisely controlled area. This technique provides the ability to control the surface structure and
composition at the micro- and nanometer scale.

In this study, fluorine doped tin oxide (FTO) coated conductive glass is used as the cathode. FTO is a
thin uniform clear film coating which allows the observation of color change during the deposition
process. If optical properties are not the main focus of the lab, any conductive substrate such as penny
will demonstrate the process of electrodeposition. The cathode is also referred to as the working
electrode. A graphite electrode is used as the anode and is also referred as the counter electrode. The two
electrodes are immersed in a 1.0 mM hydrogen tetrachloroaurate HAuCls solution. When the power is
applied, the current is passed through the circuit. AuCls™ is reduced to Au® and deposited on the FTO
surface. Figures 3 and 4 show the setup for the electrodeposition. A 1.5V AA battery can be used to
provide the power that drives the deposition to occur. By varying the deposition time, the thickness of
the gold film can be controlled. As the thickness of the gold film changes, interesting optical properties
can be observed. Eventually, the surface on the glass appears to be gold.

Experiment:

SAFETY DISCLOSURE: This lab contains the use of hydrogen tetrchloroaurate solution which is
corrosive to skin and can cause severe eye damage. It is recommended that the instructor prepares the
solution for students to use. For students’ safety and protection, personal protective equipment (PPE) is
required for this lab. PPE should include gloves, chemical splash goggles, and aprons. It is
recommended the lab is conducted under the fume hood.

Required Materials:

1. Graphite electrode
a. Link can be replaced with pencil lead.
2. Florine Doped Tin Oxide Coated Glass Electrode
a. Link The conductive glass electrode works well for optical observation and measurement.
For deposition purpose only, any conducting substance such as pennies will work.
3. 1.0 mM hydrogen tetrachloroaurate
a. Link The solid is hygroscopic so purchase HAuCl4:3H>O (Aldrich 244597 or 520918) in 1.0
g quantities and use the entire bottle. Dissolve 1.0 g HAuCls:3H>0 in 250 mL distilled
water to make a 10.0 mM stock solution of gold(III) ions that can be kept for years if stored
in a brown bottle. Dilute 25 mL of stock to 250 mL to make the 1.0 mM concentration for
this experiment.

4. Brown bottle for storage gold solution 8. Multimeter and test leads
a. Link a. Link
5. 25mL graduated cylinder 9. 1.5V AA battery
a. Link a. Link
6. 250ml Volumetric flask 10. Single AA battery holder with lead wires
a. Link a. Link
7. 50mL beaker 11. Alligator clips set
a. Link a. Link

12. 1.0M KCI solution
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https://www.amazon.com/dp/B0D7MDHFSB/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B0D7MDHFSB&pd_rd_w=h5I9o&content-id=amzn1.sym.7446a9d1-25fe-4460-b135-a60336bad2c9&pf_rd_p=7446a9d1-25fe-4460-b135-a60336bad2c9&pf_rd_r=H7G8TN5PRWZ9N61WARGH&pd_rd_wg=a6ohc&pd_rd_r=e8d9e146-a8cf-4540-b202-81da7bfff42c&s=industrial&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWw
https://www.msesupplies.com/products/mse-pro-2-2-mm-12-15-ohm-sq-fto-tec-15-coated-glass-substrates?variant=19973837956
https://www.sigmaaldrich.com/US/en/product/aldrich/520918?utm_source=google&utm_medium=cpc&utm_campaign=10640609499&utm_content=108862613727&gclid=EAIaIQobChMI_JL8nofwhwMViExHAR3QbCFJEAAYASAAEgIy-_D_BwE&icid=sharepdp-clipboard-copy-productdetailpage
https://www.amazon.com/Kestun-Reagent-Bottle-Ground-Stopper/dp/B0CSFRQQ9G/ref=sr_1_5?crid=192NKRB1NZSZD&dib=eyJ2IjoiMSJ9.kgL0_L41o9ippK0WKd8X_83NudfXEZ3H_RBk6heGHv6zzmzG3U4ocoOKcU5blHKc0pt47OipLvGc07hteiANZquwa5OedOmy5H3UHQ_DvwqVhwMV5sN_FleMVQllAdQIWYrO3WNhsJwFCMMwS7v0NAcoz20i3iuwmbcCVQw9VOIc5ji-LoIQJ2LnSMnu32MkSwZGo-NaxBsvbBwgFqPUqkYHNbNTvCu10UjBPNqlNPVtf-l78QMA8A3gTKCp9UsTMJT7SOHGF9GploYpMYhMFLGnGMiLQzhOu7Ir3UVmPVM.Oo0fw4ad36wdj7mNnRIB1ZboXUvYvnxGmePQfyAYWjI&dib_tag=se&keywords=250%2Bbrown%2Bglass%2Bbottle&qid=1723489104&s=industrial&sprefix=250%2Bbrown%2Bglass%2Bbottle%2Cindustrial%2C124&sr=1-5&th=1
https://www.amazon.com/Graduated-Borosilicate-Karter-Scientific-233B2/dp/B01JM3B82E/ref=sr_1_3?crid=129C6YI1WJ2X&dib=eyJ2IjoiMSJ9.OJBP6xybDRsxQsNqG0gG8P2XIuCeQN11WyZ6U10J_DrGPq1_kqvXBtW3cZMcox0fQu07XIQEmOupNbGlG8ooStCxy0PBIwY4-yc1rU41niERt0kODEIuBMKTb9SKE_v6jn3D33n-QZeVVa9tKp9TQl_9I43qYaZVZJ2UePCpOvk-0p9FZy2cWVnsvUcJXq0bq5G9984yD4pQVD6wbbs8BuLkEmz-kvr8zJMOKQLo7Ko.VyWVqFm0jMd2paK-6ftXdA1ZGKKRqY0cKqxl1fG_N8U&dib_tag=se&keywords=25%2Bml%2Bgraduated%2Bcylinder&qid=1723489731&sprefix=25%2Bml%2Bgra%2Caps%2C108&sr=8-3&th=1
https://www.amazon.com/Graduated-Borosilicate-Karter-Scientific-233B2/dp/B01JM3B82E/ref=sr_1_3?crid=129C6YI1WJ2X&dib=eyJ2IjoiMSJ9.OJBP6xybDRsxQsNqG0gG8P2XIuCeQN11WyZ6U10J_DrGPq1_kqvXBtW3cZMcox0fQu07XIQEmOupNbGlG8ooStCxy0PBIwY4-yc1rU41niERt0kODEIuBMKTb9SKE_v6jn3D33n-QZeVVa9tKp9TQl_9I43qYaZVZJ2UePCpOvk-0p9FZy2cWVnsvUcJXq0bq5G9984yD4pQVD6wbbs8BuLkEmz-kvr8zJMOKQLo7Ko.VyWVqFm0jMd2paK-6ftXdA1ZGKKRqY0cKqxl1fG_N8U&dib_tag=se&keywords=25%2Bml%2Bgraduated%2Bcylinder&qid=1723489731&sprefix=25%2Bml%2Bgra%2Caps%2C108&sr=8-3&th=1
https://www.amazon.com/Volumetric-Ground-Stopper-Karter-Scientific/dp/B006VYXZ2O/ref=sr_1_5?crid=27NP1B6M19RDA&dib=eyJ2IjoiMSJ9.MQ4aLB28r8i8kCQnDcB0-ZbBuq5Uj4OWhUsVgq7uNZLLVaamQXX6KPtNz7g-esxWav_nENIvvw_ooiD57vqi4sYgt7Fjq7TqlgqvzkN9g3IbFef0WIVVfj9q0HVXEqCfNCvBueovHYVZ2OWwGYyHrVHZeYkRdNar87M0rrisu8PgQei5qv3tg4sm62LmbhxcqVVF4ZNtOsNfRV50Tn2brCg0FVHFtBJpQ-nRnAvYiMs.J04pUvePBmTIT78gGEDDcK14sT8dv3kVbF17jkUjePA&dib_tag=se&keywords=250%2Bml%2Bvolumetric%2Bflask&qid=1723489541&sprefix=250%2Bml%2Bvolumetric%2Bflask%2Caps%2C109&sr=8-5&th=1
https://www.amazon.com/PATIKIL-Borosilicate-Graduated-Printed-Measuring/dp/B0C3XQBKQJ/ref=sr_1_4?crid=4XS8O7PHOGZA&dib=eyJ2IjoiMSJ9.Q2Acz1HsSlssbQPjf-dee-lG81JC13EEWjznzPvTUtGEOKwD1gGZQlXCfG3BPK3EzsQBfxyKP9wDJZnQL-vgvaD_2KI3oCEDRqeAKqkBEU8CisT5UtasAXjAtKVUNXGbPwHuw5A0JkJq1EfAGM9y6pOm4SV8fc8gnniI1TEZSXyAZInxSnB6sWyVR9HGN_5Q0bDhnTlgbcl_tWrameaTGJShMvirGXrEl27i2eAiPThmWlkecfcgE7EGjLKp6nQftsqJR6WuWBB_Vzv2ajgPh35RjtCLuS-LmLXA6RwfaDk.oeq-jrwk3tqXm0e6CD2kQtL5ji86aZtSfANEBz5jUxY&dib_tag=se&keywords=50%2Bml%2Bbeaker&qid=1723491986&s=industrial&sprefix=50%2Bml%2Bbeaker%2Cindustrial%2C274&sr=1-4&th=1
https://www.harborfreight.com/7-function-digital-multimeter-59434.html?utm_source=google&utm_medium=cpc&utm_campaign=12188110019&campaignid=12188110019&utm_content=162028032643&adsetid=162028032643&product=59434&store=408&gad_source=1&gclid=EAIaIQobChMI75b_vPzvhwMVWm5HAR00KCc7EAQYASABEgKfyPD_BwE
https://www.amazon.com/Duracell-Alkaline-Batteries-1-5v-MN1500/dp/B008TUV1HY/ref=sr_1_7?dib=eyJ2IjoiMSJ9.GOIvhFEjYj8jgW2mZEichwHNGR3UUi8QRq_ZYuem7boxGJvGE0dXIww8aWath3HfTy8ieramAOZ-VyJqB4_lgVnWMye2pSZ94kZU4aAKriA95mmRb9CIAFvdov7R9kiEmnIsX4OcbdpWsl4h3ORtlnCkPtw9qHdU5BgB455-ONaHLkPY9amtfApZ6Bpg-10IBgkbKbUCcH3khFz3UxN0QF7lG6OJvDp0zDBsSzKRavJJ_TXgCJHyZhXXet-412C-7hZs49RuEAdhApNnSwwIRfrljN_vFasLlrIBpAHODwo.s6U27TgmfMtfmqFgeiJ3YGXhwotBB4dr1BKYSM93VLI&dib_tag=se&hvadid=570537196048&hvdev=c&hvlocphy=9006251&hvnetw=g&hvqmt=e&hvrand=2085355338283836329&hvtargid=kwd-324874854231&hydadcr=22091_13319050&keywords=1.5v%2Baa&qid=1723486581&sr=8-7&th=1
https://www.amazon.com/LAMPVPATH-Single-Battery-Holder-Leads/dp/B07BXX62JF/ref=sr_1_2_sspa?crid=RSCCI0MDCL25&dib=eyJ2IjoiMSJ9.0tCF9XiT8zuFNjhOHMrab7fZlHtn8NgGXRPTu913ODwPgStsbtu6pb8J1_5OeBQGQwAGGyz3TAu-f9Vg_0H6XuXVziUPfj0DY4LggFbLr6H5VY1mpKkwhfGtoAULFLfC8fh94dguIPCbL3726IqEC8bCep4hxaKalzOjAZdRgkFer3IG0BLp6wI-YPZDUnFoeHD3ita4IChPH4-hN24WViCj_SKX44Oil8X4jxJWV_o.FtUKJTygpnObs8Yz9b10MwxbZsBgGMw-at7qkhPdUtA&dib_tag=se&keywords=AA+battery+holder&qid=1723487545&sprefix=aa+battery+holder%2Caps%2C116&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/LAMPVPATH-Single-Battery-Holder-Leads/dp/B07BXX62JF/ref=sr_1_2_sspa?crid=RSCCI0MDCL25&dib=eyJ2IjoiMSJ9.0tCF9XiT8zuFNjhOHMrab7fZlHtn8NgGXRPTu913ODwPgStsbtu6pb8J1_5OeBQGQwAGGyz3TAu-f9Vg_0H6XuXVziUPfj0DY4LggFbLr6H5VY1mpKkwhfGtoAULFLfC8fh94dguIPCbL3726IqEC8bCep4hxaKalzOjAZdRgkFer3IG0BLp6wI-YPZDUnFoeHD3ita4IChPH4-hN24WViCj_SKX44Oil8X4jxJWV_o.FtUKJTygpnObs8Yz9b10MwxbZsBgGMw-at7qkhPdUtA&dib_tag=se&keywords=AA+battery+holder&qid=1723487545&sprefix=aa+battery+holder%2Caps%2C116&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1

a. Solution can be ordered through the link or prepared using solid KCI (Aldrich P3911 link ).
Dissolve 18.64g of solid KCI in 100 mL water, then dilute the solution to 250mL using
volumetric flask.

13. Sharpie for marking the conductive side of the FTO glass

Step 1: Identify the conducting side of the conductive glass.

Identify the conducting side of a tin oxide-coated
piece of glass by using a multimeter to measure
resistance. Set the multimeter to measure
resistance. Place testing leads on the surface of the
glass without leads touching each other but
touching the glass and measure the resistance. The
conducting side will have a resistance of 20-30
ohms. Use a sharpie to mark on the corner on the
conducting side such as a letter or a symbol to

recognize the conducting side. The FTO glass will DTFTJ*';DFR
serve as the cathode where the AuCls” will be :
reduced and deposited on its surface.

Figure 9.2: Resistance measurement for the conductive side
of FTO coated glass.

Step 2: Assemble Power Source

Place a single 1.5 V AA battery into the battery holder. Clip the red
alligator to the lead wire of the positive end and clip the black
alligator to the lead wire of the negative end.

Figure 9.3: Assembly of the 1.5 V
power source

Step 3: Set up electrolyvtic cell for deposition

Transfer 30 mL of 1 mM HAuCly solution into a 50 mL
beaker. Connect the black alligator clip from the power
source to the FTO glass electrode and suspend it in the
gold solution making sure the clip is not in the solution.
Connect the red alligator clip to the graphite electrode
and place the graphite electrode in the gold solution.
Orient the conducting side of the glass facing towards
the graphite electrode.

Step 4: Deposition

Once the circuit is complete, the deposition will start Figure 9.4: Setup of electrodeposition cell.
immediately. Use a timer to track the deposition time.
The deposition for the first glass electrode is 10 minutes (0.2~0.3mA current).
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https://www.qualitybiological.com/product/potassium-chloride-1-m/
https://www.sigmaaldrich.com/US/en/product/sigald/p3911?icid=sharepdp-clipboard-copy-productdetailpage

After deposition, the electrode is rinsed with
distilled water. Repeat step 1 and step 2 two
more times with a new piece of glass
electrode each time. The deposition time for
second piece is 10 minutes and the third piece
is about one hour. Record the color of the
gold film.

Figure 9.5: Setup of electrical oxidation cell.
Table 9.1: Data from step 4

Glass electrode deposition time 10 min (1%) 10 min (29) 1 hr

Gold Film Color

Step 5: Oxidation of the Au film

The first gold film covered electrode (10 min deposition) is electrically oxidized in 1.0 M KCI solution.
The electrical cell set up is similar to the setup in electrical deposition. The electrolyte in this experiment
is 30 mL 1.0 M KCl solution and the positive lead of a voltage source will connect to the glass electrode
and the negative lead will connect to the graphite electrode. The second (10 min deposition) and third
gold film (1 hr deposition) covered electrode are thermally oxidized. Place the glass electrodes on the
hotplate and oxidize the gold film with medium heat. Record the color of the gold film after oxidation.

Table 9.2: Data from step 5

Glass electrode deposition time 10 min (1% 10 min (2"%) 1hr

Oxidized gold film color

Questions:
1. Why is the color of the gold film not golden after 10 minutes of deposition?

. What are the purposes of the cathode and anode?

2
3. What are some other materials that can be electrodeposited? Research and cite a source.
4. How is electrodeposition used in industry and research? Research and cite a source.

5

. What are some of the advantages and disadvantages of electrodeposition over other methods of
deposition?

a

Explain the process of electrodeposition in your own words.
7. What are some of the limits of electrodeposition?

8. If you pay close attention to the color change of the 3™ FTO glass electrode, at about what time
do you observe the surface appears to be golden?

9. Explain the color change of the gold film (10 min deposition) after being electrically oxidized in
the 1M KCl solution?

10. Explain the color change of gold film (10 min deposition) after being heated on a hot plate?
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