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Questions I (2.5 points each)
Choose the best answer to replace the section in the question that has an underline.
1.  Carbon dioxide is a ___ of carbon and oxygen.

(A) compound, (B) compounds, (C) compounding, (D) compound in, (E) compounded
2. Thenew machine ______the engineers attracted many possible sponsors.

(A) production, (B) produced, (C) produced by, (D) producing, (E) producing by
3. The development of new technologies ___challenging.

(A) remain, (B) remains, (C) is remained, (D) are remained, (E) remaining

4.  Each of the members ___ been selected by election.
(A) have, (B) has, (C) is, (D) are, (E) were

5. The submitted paper was published ___ November 2023.
(A) at, (B) of, (C) in, (D) on, (E) for

6. ____ solve the issues, we have previously developed a special machine.
(A) In, (B) Of, (C) For, (D) From, (E) To

7. A microscope ____ a small thing appear much larger than it is.

(A) make, (B) makes, (C) made in, (D) made from, (E) making

8. The narrower channel fabrication is fabrication than the wider channel
fabrication.

(A) difficult, (B) more difficult, (C) most difficult, (D) difficulty, (E) difficulties
9.  The glass material has good___ for chemical samples.
(A) stay, (B) stable, (C) stability, (D) static, (E) steady
10. The__ _ of'the coated material was nanometer level.
(A) thick, (B) thicker, (C) thickest, (D) thickness, (E) thicks.
11.  The characteristic ______ of the sample were performed by the experiments.
(A) analyze, (B) analyzed, (C) analyst, (D) analysis, (E) analyses
12. Thedropletsize ____as the pressure increases.
(A) depends, (B) demands, (C) decreases, (D) defends, (E) defines
13. The errors in the data were estimated using calculations of standard

(A) delivery, (B) demonstration, (C) deviation, (D) declaration, (E) decomposition
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14. The target molecule was damagedby _ measurement methods.

(A) incentive, (B) inventive, (C) instinctive, (D) instructive, (E) invasive
15. Phage ______occurs during the boiling of the water.

(A) transition, (B) transmission, (C) translation, (D) transaction, (E) transportation
16. The Carnot cycle is closely related to the second law of

(A) thermal, (B) thermally, (C) thermodynamic, (D) thermodynamics,
(E) thermodynamically

17. The meeting had great difficulty in developing a consensus due to the
opinions of members.

(A) trivial, (B) common, (C) divergent, (D) explicit, (E) fundamental

18. Too much information in the presentation disturbed a better of the
audience.

(A) beauty, (B) understanding, (C) element, (D) transparency, (E) concern
'19. The energy conversion was improved by the doping of different ions.
(A) efficiency, (B) intelligence, (C) mineral, (D) prestige, (E) stomach

20. Discovered air bubbles trapped thousands of years ago in Antarctic ice are
time capsules filled with information for scientists.

(A) amiable, (B) impenetrable, (C) treatable, (D) valuable, (E) unreasonable

21. The of the particles under a pressure-driven flow was recorded using a
microscope and camera.

(A) director, (B) perception, (C) security, (D) trajectory, (E) wisdom
22. The unit of energyis .

(A)W,B)N, (C) N'm, (D) N/m2, (E)J
23. s calculated by multiplying current by voltage.

(A) Resistance, (B) Power, (C) Force, (D) Intensity, (E) Capacitance

24. Silicon carbide (chemical formula: ) is widely used as a semiconductor
material.

(A) SC, (B) SCa, (C) SiC, (D) SiCO, (E) SiCa

25. The energy from the turbine is converted into electric power in a power
plant.

(A) electric, (B) thermal, (C) chemical, (D) optical, (E) kinetic
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Questions II (2.5 points each)

Try to help complete the description of nanofluidics by filling in the answers. In
addition, try to answer the related questions.

sk 3k sk ok ok ok ok ok sk sk 3k sk ok ok 3K ok sk ke e ke sk ok ok ok ok o o ok ok sk ok sk sk s sfe e s sk e sk sk sk sk ok ok ok sk sk sk sk sk sk st sk sheskeskoskok sk ok skoskesk ok skok ok ok ok
Nanofluidics is the study of fluids 26 in nanochannels (channel size: 1-1000 nm)
and has recently attracted much attention __ 27___the development of new functionalities
and applications. For nanofluidics, precise channel fabrication and fluidic control are
28 at the nanometer scale. The primary feature of the nano-spaces involved in this
field is their small size since spaces on the nanometer scale are similar to the size of
macromolecules. The volumes of these nano-spaces are on the attoliter to femtoliter scale,
which is many times smaller than the volumes of liquids handled in conventional bulk
techniques. In addition, __29__the surface-to-volume ratio of a nano-space is extremely
high, the surface is its___ 30___feature. In such nano-spaces, chemical properties such as
ion concentrations can become heterogeneous even when uniform in the bulk liquid.
. Therefore, the unique aspects of nano-spaces (small dimensions, extremely low volumes,
very high surface-to-volume ratios, and unique liquid properties) can be used to realize

novel functional devices _ 31___ difficult to obtain using conventional bulk spaces.

26. (A) confine, (B) confines, (C) confined, (D) is confined, (E) are confined
27. (A) regard, (B) regards, (C) regarded, (D) is regarded, (E) regarding
28. (A) require, (B) requires, (C) required, (D) need, (E) needs
29. (A) since, (B) from, (C) that, (D) however, (E) for
30. (A) assertive, (B) conscientious, (C) dominant, (D) graceful, (E) talented
31. (A) are, (B) that, (C) are that, (D) that are, (E) are going to be
32. What is equal to 1000 nm?
(A) 102 m, (B) 10°m, (C) 10° m, (D) 10?m, (E) 10 m

33. What is the volume of the cubic with 100 nm width, 100 nm height, and 100 nm
length?
(A) 10° liter, (B) 107 liter, (C) 102 liter, (D) 10" liter, (E) 10" liter

34. When 1 nN is applied to the area with 1000 nm width and 1000 nm height, what is
the pressure value?

(A) 1 mPa, (B) 1 Pa, (C) 1 hPa, (D) 1 kPa, (E) 1 MPa
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- Questions III (3 points each)

Try to answer the following questions based on the figures and the description.
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Figure 1. Measured voltage and current value as functions of applied pressure with
- controlling the pressure pump. “-O"” shows an unmodified glass surface, and “-NH3"”
shows a modified surface by amino group. The current and voltage were proportional
to the applied pressure, which indicates that the flow rate inside the channels was
increased according to the increase of applied pressures. Then, the increase of flow rate
contributed to the increase of current and voltage. Positive current and voltage values
were obtained on a negatively charged surface. A positively charged surface was
obtained by modification with amino group, which resulted in surface amino groups
yielding negative current and voltage values. Therefore, information corresponding to

the surface charge state was reflected by the electric signals obtained.
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35. What parameters were measured and controlled?-
(A) Voltage was measured with controlling pressure.
(B) Current was measured with controlling pressure.
(C) Voltage and current were measured with controlling pressure.
(D) Pressure was measured with controlling voltage and current.

(E) All of the voltage, current, and pressure were controlled and measured.

36. Why current and voltage values on unmodified surface were increased with
increasing the applied pressure?

(A) Because the voltage increased the current.
(B) Because the current increased the voltage.
(C) Because the current and voltage indued the pressure.

(D) Because the pressure induced the flow rate and flow rate induced the current and
voltage. -

(E) Not mentioned.

37. What is the relationship between the electric signal and surface charge?
(A) The electric signal with a sign opposite to the surface charge was obtained.
(B) The electric signal with a sign similar to the surface charge was obtained.
(C) The electric signal was obtained by neutral surface charge.
(D) The electric signal was obtained by surface charge only on the unmodified surface.

(E) No relationship between the electric signal and surface charge.
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Figure 2: Results of liquid replacement
from water to a fluorescent solution using
the structure of nanochannel(upstream)-
microchannel. The replacement of the
liquid in the nanochannel was finished in
approximately 1 minute because the
fluorescent signal was saturated after 1
300 minute. Then, the fluorescent solution was
continuously supplied to the microchannel,
e Microchannel an-d the replacement of liql.zids in tl}e
200 F microchannel was finished in
Nanochannel| || approximately 4 minutes. The signal

" (upstream) intensity of the microchannel was much
higher than that of the nanochannel due to
the difference in the channel sizes. The
replacement time was reasonable because

J . the flow rate of the system was 5 pL/min
0 1 9 3 4 5| and the volume of the microchannel was 20
. ) pL. From these results, liquid replacement
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was successfully achieved.

38. Why did the fluorescent signal of the microchannel become stable after 4 minutes?
(A) Because water was introduced to the microchannel after 4 minutes.

(B) Because the introduced fluorescent solution was diluted by water in the
microchannel.

(C) Because water in the microchannel was replaced by the introduced fluorescent
solution.

(D) Because the fluorescent solution in the microchannel was removed from the
nanochannel.

(E) Not mentioned.

39. Choose the incorrect answer about the data in Figure 2.
(A) The fluorescent solution was introduced from the microchannel to the nanochannel.

(B) It took approximately 4 minutes to replace the liquid in the microchannel because
the fluorescent signal was saturated after 4 minutes.

(C) The size of the microchannel was much larger than the nanochannel. Therefore, the
fluorescent signals of the microchannel were higher.

(D) To replace the 20 pL volume in the microchannel, 20 pL of fluorescent solution was
introduced with 5 pL/min for 4 minutes.

(E) Finally, water in the microchannel and nanochannels was replaced with a fluorescent
solution.



