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“Laboratory Work in Physics B4” -- Handout No.1b
Your name ( ) Oct 17, 2016 (Mon.)

1. Important points to notice

® You must not eat and drink in the room since we use chemicals here. Wash your hand
before you leave. (Notice that BaCOs is categorized as a “Deleterious Substance”
according to a Japanese law.)

® Each group has one laboratory notebook. Anything, such as experimental data,
preparation procedure, things that you notice, should be written down in the notebook,
together with year-month-date information. Use undeletable ink, not pencils.
Lab notebooks are official record of researches. It should be written sot that anyone can
follow the procedure and the obtained results.

® Use a digital camera to record your experiments. (Photos are useful for your
presentations and report.)
® Keep the room clean and organized.

2. Groups for the experiment

[Group 1] Change of the crystal structure, superconducting and normal-state properties of

YBa2CusOr- by the change of the oxygen deficiency x.

® Change x by annealing samples with oxygen atmosphere.

® Perform x-ray diffraction, resistivity and susceptibility measurements for each sample.

[Group 2] Change of the crystal structure, superconducting and normal-state properties of

YBaz2CusO7-x by the chemical substitution to the Cu site.

® Prepare samples in which a fraction of Cu is substituted by other elements (such as Co,
Ni, Fe).

® Perform x-ray diffraction, resistivity and susceptibility measurements for each sample.

Group 1

Group 2

[What we want to investigate..]

By oxygen deficiency or chemical substitution,

® How the crystal structure changes (lattice constants, volume of the unit cell, symmetry)
® How superconducting properties change (T¢, sharpness of the transition, volume fraction)
® How normal-state properties change (7-dependence of p and y)

Y% 1 Let’s focus on these points during experiments.



3. Preparation of YBCO (1)

(1) Chemical reaction formula

1/2 Y203 + 2 BaCOs + 3 CuO + (1/4 — x/2) O2 — YBa2Cu3O7 + 2 CO2

(2) Amount of starting materials we need

To prepare 20-g YBCO To prepare 10-g YBCO
Y203 g g
BaCOs3 g g
CuO g g

XWrite down these also in your lab note

(3) Required accuracy of the weighing (homework)

(4) Preparation process 1: from drying to 1st heating

Drying

Don’t wipe the crucible and the cap with ethanol, since they are already cleaned.
Otherwise change of the weight cannot be measured accurately.

Measure the weight of the cap and crucible. Write down the value to the lab note.
Weigh starting materials to obtain ~1.1 times of the required amounts. Use weighing
paper or weighing boat. In case using weighing paper, the paper should not touch the
inside wall of the balance. Maybe you should cut the corners of the paper.

® Put the powder to a crucible. Weigh “crucible + powder” and “crucible + powder + cap”.

® Put the crucibles into a furnace. Remember the positions of the crucibles so that you are
not confused after drying.

® Bake the powder at 500 deg-C for 2 hours (during the seminar) to dry.

Weighing

® Clean the mortar and pestle with ethanol.

After taking a crucible out from the furnace, weigh each powder quickly and accurately to
obtain the required amount of the powder. During this process, put dry nitrogen gas and



also put silica gel beads in the weighing room of the balance to avoid humidity as much
as possible.

® See the next page for how to use a gas cylinder.

® Put the powder to the mortar.

Mixing

® Mix the powder inside a plastic bag filled with dry nitrogen gas.

® Put the mortar, pestle, and some sheets of small (1/4 of the original size) weighing paper
to a plastic bag. Put a cap to the mortar.

® Put nitrogen gas to the bag, and push the gas out. Repeat this for three times to reduce
air. Finally put some nitrogen gas (this should not be too much) and tightly close the bag.

® Mix the powder for 1-1.5 hours. Be careful so that the powder does not spill off from the
mortar, especially in the very beginning.

Preparation for the first heating

® Don’t clean the crucible and cap with ethanol.

® Weigh the crucible and cap.

® Put the powder to the crucible.

® \Weigh “crucible + powder”, and “crucible + powder + cap”.

Drying and final weighing
® Dry the crucible and powder again. Put the crucible in the furnace and keep the
temperature at 200deg-C for around 30min. Weigh “crucible + powder”, and “crucible +

powder + cap” again.
First heating
900°C

First heating process sz“
® Bake the powder at 900deg-C till next lecture. |
Keep temperature 200deg-C after the process. (dning >

weighing)

"

" .
11 Furnace cooling
e

H i Keep at 200°C
30min 5h 10h n7h (to avoid water absorption)

Cleaning

® \Wipe the mortar and pestle with ethanol. Then put some dilute HCI to the mortar and
scrub the mortar and pestle (wear rubber gloves). Put the HCI waist to the blue tank.
Never put the waste liquid to the sink. Put some water to the mortar to rinse, and put the
waste liquid again to the blue tank. Repeat this rinsing two times. Finally wash the mortar
and pestle with water and wipe with towel.

® Wipe all tools with ethanol

® Clean up the table.



[J How to use a high-pressure gas cylinder and a regulator
2. Before opening the main valve, make sure that the pressure control valve is
loose (i.e. the gas flow is stopped)

(Opposite to the ordinary valves)
X If you open the main valve while the pressure control valve is tight (i.e. gas

flow is open), there’s a risk of destroying the low-pressure side of the
regulator.

7. Do not stand in front of the regulator or pressure gauge.

L¥al—4%—

Stand in this region

8. Slowly open the main valve of the cylinder. In particular, when using oxygen,
this is quite important. (risk of fire due to adiabatic compression)

O. Tight the pressure control valve until the gauge of the low-pressure side
starts to increase.

10.0pen the outlet valve.
11 .Control the gas flow by using the outlet valve and the pressure control valve,

COOWhen you stop the gas flow for short time
1. Just close the outlet valve.

[JWhen you stop using the cylinder

3. Close the main valve first, then loose the pressure control valve, and then the
outlet valve, so that any pressure does not remain in the regulator (Kyoto
Univ rule).



