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(57) Abstract: The present disclosure describes devices and methods capable of generating multi— phase emulsions, including
double emulsion droplets in a gas phase. The present disclosure also describes interfaces for coupling a multi-phase emulsion droplet
source to an analytical instrument such as a mass spectrometer. The present disclosure further describes methods, systems, and ap -
o paratuses for using the devices and interfaces described to perform analysis, including mass spectrometry. The present disclosure
also describes methods, systems, and apparatuses for generating and using multi-phase emulsions to perform analysis.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - BO1F 3/08 (2014.01)
CPC - BO1F 3/0807 (2014.11)

According to International Patent Classification (IPC) or to both national classification and IPC
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Y 2,327
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Y US 2009/0012187 A1 (CHU et al) 08 January 2009 (08.01.2009) entire document 3

A WO 2010/148106 A1 (BOSE et al) 23 December 2010 (23.12.2010) entire document 1-3, 26, 27

D Further documents are listed in the continuation of Box C. D

*  Special categories of cited documents: “T”  later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the apﬂllc_atlon but cited to understand
to be of particular relevance * the principle or theory underlying the invention

“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubis on priority claim(s) or which is step when the document is taken alone
gltegzﬁor::;ggll(sa}; ;hecll)fl_:g(l;)cauon date of another citation or other .y document of particular relevance; the claimed invention cannot be
pe S spe . o considered to involve an inventive step when the document is
“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»  4ocument member of the same patent family
the priority date claimed )
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the-following reasons:

1. 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 requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 I:I Claims Nos.:

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 (Continuaﬁon of item 3 of first sheet)

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

see extra sheet

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

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

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

4 E 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.:

1-3, 26, 27

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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Continuation of Box Il: Lack of Unity

This application contains the following inventions or groups of lnventlons which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-3,26-27, drawn to a method and device for producing a droplet.
Group Il, claims 8-10, drawn to an interface for coupling a droplet source to an analytical instrument.
Group lll, claims 20,28-29,38, drawn to a2 method and system for performing mass spectrometry.

The inventions listed as Groups |, Il and |It do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the
Group | invention: flowing a first liquid through the first fluidic channel; flowing a second liquid through a second fluidic channel, wherein
the second liquid is immiscible with the first liquid, and wherein the second fluidic channel is in fluidic communication with the first fluidic
channel as claimed therein is not present in the invention of Groups Il and Ill. The special technical feature of the Group Il invention: an
outer surface, having a proximal end and a distal end, providing a substantially enclosed inner space; an inlet to the substantially
enclosed inner space, the inlet disposed on the proximal end of the outer surface; an electrostatic lens disposed within the substantially
enclosed inner space and between the proximal end and distal end of the outer surface as claimed therein is not present in the invention
of Groups | or lll. The special technical feature of the Group lll invention: evaporating the first liquid of the droplet, the second liquid of
the droplet, or a combination thereof; ionizing the analyte; transporting the analyte to a mass spectrometer; and obtaining the mass
spectrum of the analyte, the ion mobility spectrum of the analyte as claimed therein is not present in the invention of Groups | or II.

Groups |, Il and Il lack unity of invention because even though the inventions of these groups require the technical feature of an
interface configured to allow the passage of a droplet comprising an analyte; flowing a first liquid through a fiuidic channel; wherein the
second liquid is immiscible with the first liquid; double emulsion, this technical feature is not a special technical feature as it does not
make a contribution over the prior art.

Specifically, WO 2010/148106 A1 (BOSE et al) 23 December 2010 (23.12.2010) teaches an interface configured to allow the passage of
a droplet comprising an analyte (the parts of the precipitates that had been bound by the oil- water interface were freely suspended in
the inner aqueous phase, page 29, lines 15-25); flowing a first liquid through a fluidic channel (the system may be a microfluidic system.
"Microfluidic,” as used herein, refers to a device, apparatus or system including at least one fluid channel, page 14, lines 27-32); wherein
the second liquid is immiscible with the first liquid (Second fluid 14 may be immiscible with first fluid 12, page 7, lines 24-27); double
emulsnon (double emulsion droplets, page 24, lines 13-15).

Since none of the special technical features of the Group I, Il or 1l inventions are found in more than one of the inventions, unity of
invention is lacking.
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