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Time: 10:30 12:10(100mimUes)
Questio Iproblem 1-30, 2 poi ts for each question.
Question IlCproblem 31-35, 2 points for each question.
Question IlIProblem 36-45, 3 points for each question.

No points will be deducted for incorrect answers.

Questions 1(2 points each)

Ghoose the best answer to replace the section i the questio that has ; iunderli e.

1

10.

11

Amicro ope makes asmall ingappear much larger an__

(A) really are are really, (C) really are, (D) are reall at really
Fruits and vegetables are a good source_ vi mins and minerals.

(A) in, (B) of, (C) have D) at E)what

Avresearch institu offerss ffs__ which include a pension plan.

(A) benefits, (B) benefi ing, (C) benefited, (D) beneficial, (  beneficially

She could ot sit in an aisle seat during her bus ip because ere were available.

(A) some, (B) any C) mainl D) none, (E) more

Transporto cials wereunsureof ~ cau d 6airplane crash in s night.
(A) wh what, (C) where D) ose [kach

Theguide Idvisi rs at emachine_ by e mous engineers.

(A) design, (B) designs, (C) designing D) designed,( Ciwas designed
They  fillin 6forms for agreements.

(A) remind, (B) have reminded, (C) remindin D) are Kminding E) are i*eminded
e archers looking r good papers will find a selection in e special issues.

(A) greater, (B) greatest, (C) greatty, (D) more greatl E) reaten

stude ts had to attend the class for the trai in without exception.

(A) All, ) Every, (C) Alot, (D) One, (E) No

He had to work___ to get the report finished by the deadline.

(A) i tense, (B) in nsity, (C) inte sities (D) inte sive E) intensely

The ope of a restaurant was successful____ ~but the owner wished e eve t had attracted
more attentio fromme a

(A) only enough, (C) yet, (D) soon, (  rather



16.

17.

18.

19,

_8 _ - _ *
Time: 10:30 12:10 (100 minu
Questionl probleml-30,2pointsforeachquestion.
Question I, problem 31-35, 2 points for each question.

Question 111, Problem 36-45, 3 points for each question.

No points will be deducted for incorrect answers.

He paused. during his presentation to change e slide projected on e screen.

(A) amoment,(  moments, (C) momerUous, (D) momentaril Cmomentary

Arra ement of a appointment to see Prof. Lin two weeks in advance is__ duet busy
schedule.

(A) precise, (B) stran e, (C) grate 1 D) necessary, (E) conclusive

The department celebrated rtie_~ ofits 50 anniversary by hosting a party.

(A) gratiUjde, (B) birth C) iiUegration, (D) impression, (E) occasion

Under e preside t leadership, corporations i*ecovered from losses and began makin subs ntial

(A) re lllations, (B) estimations, (C) earnings, (D) losses,( ) regulations

Government grants for college ition will make education_ more people from around e
world.

(A) plentiful, (B) pain 1 C) confidential, (D) exclusive,( Chccessible

Job ilu*e means being fired from a job, being asked to Ksign, or leaving_ protect
yourself.

(A) abruptly,(  volutUaril  C) knowingty, (D) imders ndabl E) increasingly

The theory that as people become more i depe dent of one another, they be in to feel so isolated
and lo ely that freedom becomesa__ conditio was accepted.

(A) common, (B) permane t, (C) political, (D) positive, (E) negative

The cuckoo would be one of ature’s more___ creatures, blithely laying the e s in the nests
ofo erbirds and leaving the incubating and nurturing em.

(A) feckless,( ) lackluster, (C) industrious (D) domestic, (E) mettksome
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Time: 10:30 12:10 (100 minubs)
Question I, problem 1-30, 2 points for each question.
Question 11, problem 31-35, 2 points for each question.

Question IICProblem 36-45, 3 points for each question.
No points will be deducted for incorrect answers.

Now that the company has hired additional workers, it can___ with the construction of the
ew buildings.

(A) @O cem, (B) proceed C) step D) replace, (E) enhance

The Professor’s_ of e discussion S$co sidered unique and daring.

(A) calculation B) subtraction C) interpretation D) ason E) obligation

The chief executive officer made a official apology___ the company for mistakes.

(A) 0 behalfof, (B) called as, (C) as soo as, (D) accordin to, (E) in spite of

Members can___ papers i open access journals eve their institution does not subscribe.

(A) access,  come, (C) proof, (D) intend, (E) wodc

One microampere is____ ampere.

A1 3 106,(C) 109, ©®)1 - ,E)10."

One cubic microm eris____liter.

(A) 10.3, B) 10.6, C) 10.9, D) | - E) 10."

Multiplying the area by the height givesthe_ o

(A) length, (B) area, (C) volume, (D) power, (E) rce

The unit of rpm is widely used to show e rotatio s per

(A) mind, (B) matrix, (C) min e, (D) matchin [mass

Wi dturbines convertthe  energy inthe wind into mechanical power.

(A) kinetic,  electric, (C) ermal, (D) optical, (E) chemical

Megapa al (MPa) isunitfor__ .

(A) force, (B) resistance, (C) volta e, (D) power, (E) pi‘essure

Linear ow velocity in e tube which cross-sectional areais 100i  and volume flow rate is

(A) 0.01 mm/s, (B) 0.1 mm/i C) Lmm/s, (D) 10 mm/s, 100 mm/s
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Time: 10:30 12:10 (100 minutes)
Question 1, problem 1-30, 2 points for each question.
Question I, problem 31-35,2 points for each question.
Question I1CProblem 36-45, 3 points for each question.

No points will be deducted ri correct answers.

Questions 11 (2 points each)
Try help comple e description of microflu csby Hing e answers in.
Miniaturized a alytical sys ms 1 as microfluidics, micro-to lanalysis sys ms ( -TAS), and
labron-a-chip have attrac d attentio owver the last 30 years. In is concept, microfluidic channels
32 0 asubstrate and various types of chemical and biochemical processes are in grated iiUo

e channels. When compared wkh bulk processes  ere are many advanta es with such minia rized
analytical systems, such as ease ofanalysis, high-speed reaction, low rea ent consumption a d small
sample volumes. Fir 33 __all, co sidering t:heir typical di  sion time, molecules di  se over
micrometer regions wkhin e order oft  conds. Thei*eforeCmolecular hansport in Hgy ds, even at
liquid/Hquid in rfaces, gas/Hquid inbrfacesCand solid/liquid int;erfacesCtan be complehd wi ina
very shorttime. 34 addition, considering the small heat capacity of liquids inside a microfluidic
channel, the temperature can be instantaneously changed. Such characteristics are essential for the
control of chemical reactions, and___ 35 observed in bulk-scale chemical reactions; therefore,

microfl die devic have received much attention as chemical reaction ols.

31. (A) know, (B) knew, (C) are known, (D) known, (E) knowing

32. (A) fabricate, (B) bricated C)are bricated, (D) fabricating, (E) bneation
33. (A)of, (B) from, (C) D) E)in

34. (A) Of, From, (C) To, (D)At E)In

35. (A) did not, (B) does not;,(  doing not, (D) are not, (E) bein not
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Time: 10:30 12:10 (100 minutes)
Questio Iproblem 1-30, 2 points for each question.
Question I1problem 31-35, 2 points fbr each question.

Question I1Problem 36-45, 3 points for each question.
No poi ts will be deducted r incorrect answers.

Questions 111 (3 points each)
Below is e information from published Journal papersCplease try — answer e following questions.

Article
Metal-Free Fabrication of Fused Silica Extended Nanofluidic

Channel to emove Artifacts in Chemical Analysis

Kyojiro Morikawa L* Ryoichi Ohta 1, Kazuma Mawatari 2*and Takehiko Kitamoi*i #*

Collaborative Research Organization for Micro and N [(OMuUifiinctional Devices (NM ).
of Tokyo, 7-3-1 Hongo, Bimkyo, Tokyo IU-S 6, Japan;
2 Department of Applied Chemistry, School of Engineering, The University ot Tokyo, 7-3-1
Tokyo 113-S 6, Japan
3 Institute £Nanoengineering an Mi ©systems (iINEMS). Department of Power Mechanical Engineering,
National Tsing Him University, No. 101| Section 2, Kuang-Fu Road, Hsinchu 30013, Taiwan
* Correspondence: morikawa i u-tokyo.ac-jp (K.IM.); kma'vatari .ecc.u-tokyo.ac.jp (K.M.)

Received; 29 June 2021, Accepted: 30 July 2021, Ptiblisheci: date: 31 July 2021

Abstract: In microfUiidics, especially in nanofluidics, nanocharmek with functionaUzed surfaces
have recently attracted attention for use asanew”ool for theinvesti ation of chemical reaction fields.
Molecules handled in the reaction field can reach the single-molecule level due to the small size of
the na ocliannel. In such surroundings, contamination of the channel surface should be removed at
the single-molecule level. In this study, itWas assumed that metal ma rials could contaminate the
nanodiannels during the fabrication processes; therefore, we aimed to develop metal-free
fabrication processes. Fused silica channels 1000 nm-deep were conventionally fabrica d using a
chromium mask. Ins ad of chromiui Oelectron beam resists more than 1000 nm thick were used
and the lithography conditions were optimized. From the results of optimization, chai-mels with
1000 nm scale wicUh and depth were fabrica d on fused s ca substratres wUhcmt the use of a
chromium mask. In nano uicUc experiments, an oxidation reaction¥as observed in a device
fabricated by conventioxial fabrication processes using a chromium mask. It was found that Cr**
remained on the channel surfaces and reacted with chemicals in the liquid phase in the extended
nanochannels; this effect occurred at least to the micromolar level. In contrast, the device bricated
with metakfree processeswas eeofartifactsi duced by the presence of chromium. The developed
fabrication processes and results of this study will be a significaiit contribution to the fundamental
technologies employed in the fields of micro uidics and nano uidics.

Keywords: microfluidics; nanofluidics; extended nanochanneb iianofabrica on; fused silica; metal-
tree
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Time: 10:30 12:10 (100 minutes)
Questio ICproblem 1-30, 2 points for each question.
Question I1Cproblem 31-35, 2 points for each question.

Question 111, Problem 36-45, 3 points for each question.
No points will be deducted for incorrect answers.

How many corresponding au or(s) is/are shown in l:his article?

(A)(UB)1 (C)2, 3, 4

When eau orssubmitted e manuscriptto ejournal?

(A)29 June 2021, [BO 1 2021 C) 31 July 2021, (D) Approximately 1mon  E not shown
What does not allow us to use anochan els r chemical reactio fields?

(A) single-molecule, (B) contamination of e chan el surface C) 1000 nm-deep nanochannel,
(D) 1000 nm-thick resist E) ftised silica substrate

What is "metal-free fabrication process" mentioned i is article?

(A) bricate 1000 nm-deep nanocha nel B) fabricate nanochannel wkh chromium mask,
(C) to fabricate nanochannel without chromium mask, (D) to observe oxidation reaction, (E) to
keep chrommm on e channel surface

To what extent did remained chromiumon e anochannel sur ce induce arti ct?

(A) single molecule level 000 nm-deep level, (C) 1000 nm-thick level, (D) micromolar level,
(E) notob rved

What was achieved by mela~free fabrication process?

(A) contamination of e nanochan el surface, (B) brication of 1000 nm-deep nanochannel, (C)

Optimization for channels with 1000 nm scale width a d depth, (D) to i duce oxidation reaction

(E) ob rvationwkho arti ct
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Time: 10:30 12:10 (100 minutes)
Ouestio ICproblem 1-30, 2 points for each question.
Question Ilproblem 31-35, 2 points for each question.

Question I1TProblem 36-45,3 points for each question.
No poi ts will be deducted for incorrect answers.

Time

Figure 1 Signals forTMB ,3 ,5,5Metramethy enzidine) sol ions with various incubation times.
Si nals were obtained, that i dicated the oxidatio of MG, a d the progress of the reaction is

indicated by e increase in Lhesignal inte sity wi inci*easing incubation time.

42. What is e value of maximum signal in nsUy i e condition of"1 min incubation™ ?
(A)6s s(C) 14V D)3 8
43. What is mainly discussed by the aiUhors using is Figure?
(A) back round signal B) signal s rtin U increa at 10s, (C) appeared si al peak around 13

(D) progre ofreaction with increasing incubation time,( ) fast i*eacdon within 20 s
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Time: 10:30 12:10 (100 minutes)
Questio ICproblem 1-30, 2 points for each question.
Questio 1l, problem 31-35, 2 points for each question.

Questio 1lICProblem 36-45, 3 poi ts for each question.
No points will be deducted for incorrect answers.

Figure 2: SEM iiMges of nanochamiels fabricated using exposure times of (A) 0.4, 0.5, (C) 0.6, (D)
0.7 and (E) 0.8 "s/dot. In &is process, 6 electron beam reskt was spiiMIdated onto a ftised silica
substrate at 5000 rpm. Electron beam lithography was subsequently performed while varying the
exposure time. After electron beam exposure, the resist was developed with o-xylene for a time span of
15min, Mowingwhich e anochannels were dry etched wi  gaseous of SFgand CHF3 The
nanocharmels in (A) had a triangular shape because the exposure time was not optimized, and some
resist was retai ed i the nanocha el regio after development. | contrast, the nanocharmels in ( )

( exh approximately rectangular shapes. With increases in e exposure time, e nanochannels
also became wider, and the optimal exposure time was determined to be 0.5 fis/dot. Usin this exposure
nanochannels with dimensions of48 + 3 nm (width) and 49 + 1 nm (depth) with approximately square

shapes were obtained.

44. Choose incorrect answer about e bricationprocessinFigure2-
(A) Electron beam resist was spiivcoated (B) Lithography was performed by electron beam, (C)
The fUsed silica was etched by o-xyle e, (D) Gaseous of SFgand CHF3weK used for dry e hing
[None
45. Choose correct answer about discussion in this Figure 2.
(A) Rectangular nanochannels were fabricated in all condition, (B) Exposure time was not critical
parameter, (C) Wkh decKases in e exposu time, nanochannel became atxower, (D)

Nanochannels with dime sions less an 50 mwei*e difficult fabricate, (E) None



