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(57) Abstract: The invention provides novel triplet-triplet annihilation upconversion nanoparticles as background free self-standing
biological sensors, and devices and methods thereof. The invention provides novel and simple enzymatic strategy to overcome oxy-
gen-induced triplet-triplet annihilation upconversion quenching. The disclosed invention addresses the long-felt challenges in aqueous
TTA-UC due to its sensitivity to oxygen, which has hindered TTAUC's biological applications under ambient atmosphere This novel
strategy stems from glucose oxidase catalyzed glucose oxidation reaction, which enables rapid oxygen depletion to turn on upconver-
sion in the aqueous solution. Furthermore, self-standing upconversion biological sensors of such nanoparticles are developed to detect
glucose and measure the activity of enzymes related to glucose metabolism in a highly specific, sensitive, and background-free manner.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not ‘required to be searched by this Authority, namely:

2, D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requ1rements to such an
extent that no meaningful mtematlonal search can be carried out, specifically:

3. . Claims Nos.: 5-28
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6. 4(a)

Box No.III  Observations where unity of invention is lacking-(Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional s\earch fees were timely paid by the applicant, this international search report covers all searchable
claims. .

2, |:| As all searchable claims could be searched without effort just‘ifying additional fees, this Authority did not invite payment of
additional fees.

3. I:l As only some of the required additional search fees were timely paid by the apphcant this international search report covers
* only those claims for which fees were paid, specifically claims Nos.:

4. I:l " No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by‘the applicant’s protest but the applicable protest
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