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Lyophilization Cap and Assembly

FIELD OF THE INVENTION

The present invention relates to a lyophilization cap and to
an assembly comprising such a cap and a vial.

BACKGROUND

Lyophilization, also known as freeze drying, is a dehydration
process typically used to preserve a perishable substance or
to make a substance more convenient for transport. Lyophili-
zation is accomplished by freezing the substance and then re-
ducing the surrounding pressure to allow the frozen water in
the substance to sublimate directly from the solid phase to
the gas phase. The greatly reduced water content that results
inhibits the action of microorganisms and enzymes that would
usually spoil or degrade the substance.

The freeze-dried substance must be sealed to prevent the re-
absorption of moisture. In this sealed condition, the sub-
stance may be stored at room temperature without refrigera-
tion while being protected against spoilage for many months
or years. This is of particular importance when it comes to
pharmaceutical or diagnostic applications.

One way of sealing a freeze-dried substance in a lyophiliza-
tion vial is to press a stopper into the bottleneck of the
vial ‘directly after lyophilization. This is done either under
vacuum or under a dry inert gas atmosphere to avoid any con-
tact of moisture with the freeze-dried substance. Thereafter,
the glass vial is locked with a screw cap, which is screwed
onto a screw thread on the bottleneck.

This results in a laborious procedure not only for sealing
but also for opening the vial. For sealing the vial, the user
has to insert the stopper and then screw on the screw cap.
For opening the vial, the user has to unscrew the screw cap
and then 1lift the stopper.

Furthermore, a single-handed opening of the vial is not pos-
sible due to the nature of the required movements.

SUMMARY OF THE INVENTIION
It is therefore an object of the present invention to provide

an improved lyophilization cap and assembly, which in par-
ticular allows for an easier and more economical production
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and opening of the vial.

This object is achieved by means of a lyophilization cap com-
prising the features of claim 1 and/or a lyophilization as-
sembly comprising the features of claim 23 and/or a lyophili-
zation cap and vial comprising the features of claim 25.

The invention provides a lyophilization cap for sealing a
vial having a mouth ring, said cap comprising: a neck portion
having sealing means for sealing said vial; and a head por-
tion having at least one elastically deformable element for
engaging behind said mouth ring of said vial.

The advantage of the invention is that it allows for an kine-
matically simplified opening and closing of the wvial. This is
due to the movements required for a deformation of the elas-
tically deformable element being of a much simpler kinematic
nature than the movements required for inserting a stopper in
a lyophilization vial and screwing a screw cap on the same.
Therefore, the lyophilization cap according to the invention
can be handled more easily by a user and is well suited to
automation. Specifically, a single-handed opening of the vial
by a user is allowed. In addition, only a single part has to
be produced and placed during filling of the wvials, resulting
in considerable time and cost savings.

The invention further provides a lyophilization assembly com-
prising: a vial having a mouth and an outwardly extending
mouth ring, wherein said mouth has an inner wall and wherein
said mouth ring has a first shoulder facing said mouth and a
second shoulder facing away from said mouth; and the lyophi-
lization cap provided by the invention.

The invention further provides a lyophilization cap and a
vial, wherein said cap is used for sealing said vial and
wherein said vial has a mouth and an outwardly extending
mouth ring, said mouth having an inner wall and said mouth
ring having a first shoulder facing said mouth and a second
shoulder facing away from said mouth, said cap comprising: a
neck portion having sealing means for sealing said mouth; and
a head portion having at least one elastically deformable
element for engaging behind said mouth ring of said vial;
wherein said cap has a lyophilization position, in which said
at least one elastically deformable element abut against said
first shoulder and said sealing means stay clear of said
mouth; wherein said cap has a sealing position, in which said
at least one elastically deformable element engages said sec-
ond shoulder and said sealing means press elastically against
said inner wall of said mouth to seal the same; wherein said
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at least one elastically deformable element deforms elasti-
cally when operating said cap between a lyophilization posi-
tion and said sealing position.

According to one embodiment said at least one elastically de-
formable element has an at least partially annular shape. The
annually shape increases the holding force that can be pro-
vided by the at least one elastically deformable element on
the second shoulder of the mouth ring.

According to a further embodiment said at least one elasti-
cally deformable element has a tapering shape. The tapering
shape further increases the holding force provided by the at
least one elastically deformable element on the second shoul-
der of the mouth ring.

According to a further embodiment said head portion further
comprises a base portion having an upper and a lower surface.
The base portion serves as a basis, which connects other ele-
ments of the cap.

According to a further embodiment of the invention said base
portion has at least one through-hole allowing air or vapor
to escape from the vial during lyophilization. Thus, air or-
water vapor can escape from the vial through the top of the
lyophilization cap. Hence, no through-hole need to be pro-
vided on the sides of the cap as is the case with some of the
lyophilization caps known to the applicant. Since a great
number of lyophilization vials with the lyophilization caps
in place are lyophilized simultaneously, wherein the vials
and caps are arranged such that they are more or less in con-
tact with one another on their respective sides, it is advan-
tageous to remove the vapor, which escapes during lyophiliza-
tion, via the top of the lyophilization cap. This reduces the
possibility of vapor exiting the through-holes condensing on
surfaces in the immediate proximity, which would inhibit a
clean lyophilization process.

According to a further embodiment of the invention said upper
surface of said base portion comprises at least one bump to
prevent adhesion of said cap during handling. When the ly-
ophilization cap is handled by automatic means, in particular
an automatic suction gripper, there is a risk of the upper
surface of the lyophilization cap sticking to a surface of
the gripper, particularly due to the comparatively light
weight of the cap. The at least one bump effectively de-
creases the surface area of the lyophilization cap that can
potentially be in contact with a surface of the suction grip-
per, thus preventing an unintentional adhesion of the cap to



10

15

20

25

30

35

40

45

WO 2008/129409 PCT/IB2008/000991

the gripper. Furthermore, the bumps ensure that gases can es-
cape from the cap even though a substantially even surface
may be covering the upper surface of the cap.

According to another embodiment of the invention said at
least one bump is arranged around a suction gripper interface
surface on said upper surface of said base portion. Thus, the
at least one bump does not hamper the handling of the cap by
means of a suction gripper head being at least temporarily in
contact with the suction gripper interface surface.

According to further embodiment of the invention said at
least one elastically deformable element extends from said
lower surface of said base portion. Preferably, said at least
one elastically deformable element is connected to an outer
edge of said lower surface.

According to another embodiment of the invention said at
least one elastically deformable element extends further than
said sealing means from said lower surface. This ensures that
the sealing means are spaced apart from the mouth of the vial
thus allowing lyophilization when the cap is in the lyophili-
zation position, wherein the at least one elastically deform-
able element abuts a first shoulder of the mouth ring.

According to a further embodiment of the invention said bumps
are arranged alternatingly with said through-holes on a sub-
stantially circular line. This ensures, that the through-
holes are at no time blocked by external bodies, thus allow-
ing lyophilization at all times.

According to a further embodiment of the invention said neck
portion extends away substantially perpendicularly from said
lower surface along a center axis of said elastically deform-
able element. This feature ensures a proper seat of the cap
on the vial.

According to a further embodiment a hole extends from said
upper surface along said center axis inside said neck por-
tion. This feature allows for a more or less constant wall
thickness of the cap improving its manufacturability. Typi-
cally, the lyophilization cap is manufactured by wvulcaniza-
tion in a mold. Preferably a pin cooperates with the hole and
thereby further increases the manufacturability of the cap.
It is of course understood that a lyophilization cap can also
be designed without a hole which would then have the advan-
tage of an increased rigidity of the cap.

According to a further embodiment said neck portion further
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comprises a centering portion for insertion into the mouth of
said vial and thereby transversely stabilizing said lyophili-
zation cap on said vial. The transverse stability reduces the
risk of the cap falling off the vial for instance during
placement of the cap on the vial specifically when a suction
gripper releases the cap. Inaccuracies in the placement can
thus be compensated by a cap with the above features.

According to a further embodiment of the invention the seal-
ing means are arranged adjacent to said lower surfaces and
said centering portion is arranged adjacent to said sealing
means. Preferably, the sealing means are not only arranged
between the lower surface and the centering portion but also
in immediate proximity to the lower surface and the centering
portion is arranged in immediate proximity to the sealing
means .

According to a further embodiment said centering portion ex-
tends further from said lower surface than said deformable
element. This feature ensures that the centering portion ex-
tends into the mouth of the vial when the cap is in the ly-
ophilization position on the vial as the deformable element
abuts the mouth ring of the vial. Such centering means re-
duces the process accuracy required for placing the cap on
the vial. To this end, preferably, the centering portion is
itself tapered further decreasing the process accuracy re-
quired to place the cap on the vial.

According to a further embodiment of the invention said seal-
ing means comprise one or more, in particular two ring shape
seals being spaced apart from one another. In this way, the
required leak tightness of the cap in the sealing position
can be achieved thus preventing fluids from escaping from the
vial through its mouth.

According to a further embodiment of the invention said cen-
tering portion of said neck comprises at least one channel
for fluidly connecting an end of said neck portion to said
through-holes of said head portion. This allows a lyophiliza-
tion of the vial in the lyophilization position of the cap,
wherein the deformable element abuts against the mouth ring.

According to a further embodiment the centering portion of
said neck portion has a circular cross section with substan-
tially semicircular recesses defining webs between them. The
webs serve for example for defining the channels and as a
leading portion for leading the neck portion into a respec-
tive mouth of a vial, respectively. Furthermore, the webs can
be formed in order to compensate tolerances. Preferably the
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webs are arranged symmetrically and for example there are
provided four webs. The recess form the cross sections of the
channels respectively. Such recesses are simple to manufac-
ture.

According to a further embodiment said webs are elastically
deformable for a friction grip with an inner wall of said
mouth of said vial. Hence, a more reliable fit of the cap on
the vial ‘is achieved, particularly in the lyophilization po-
sition. More preferably, the webs comprise noses extending in
the lengthwise direction of the webs respectively. Prefera-
bly, the noses are of a semicircular circular shape. The
noses have a reduced cross section compared to the webs al-
lowing them to be deformed elastically with a lower force.
This reduces the forth required for insertion of the cap into
the vial, particularly during placement of the caps on the
vials in the lyophilization position.

According to a further embodiment the cap consists of a sin-
gle piece. Due to the elasticity of the cap, it can be manu-
factured in a simple two piece mould, thus reducing produc-
tion cost. According to a further embodiment the cap com-
prises bromobutyl. Bromobutyl is appropriate to most medical
and pharmaceutical applications and is not destroyed or dete-
riorated by the lyophilization process.

According to a further embodiment sound producing means are
provided, which produce sound when removing the cap from the
vial. This will inform the user that the cap has been removed
- even without a line of sight contact. Preferably, the sound
is only produced on a first removal of the cap from the vial.
This will prevent the unintentional use of substances that
have been in contact with air or moisture possibly degrading
the substances in the vial.

According to a further embodiment of the invention the elas-
tically deformable element has an outer diameter larger than
the inner diameter of said mouth ring and an inner diameter
smaller than a outer diameter of said mouth ring. This fea-
ture ensures that the at least one elastically deformable
element abuts against the mouth ring in the lyophilization
position.

According to a further embodiment, said sealing means are
spaced apart from said mouth in said lyophilization position
of said cap and said sealing means are in a sealing contact
with said inner wall of said mouth in a sealing position of
said cap. This allows for the removal of fluids from the vial
in the lyophilization position of the cap and further pre-
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vents the substance from absorbing moisture when the cap is
in the sealing position on said vial.

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

10

11

BRIEF DESCRIPTION OF THE DRAWINGS

is a perspective top view of a lyophilization
cap according to a first embodiment of the pre-
sent invention;

is a perspective bottom view of the lyophiliza-
tion cap of Figure 1;

is a side view of the lyophilization cap of
Figure 1;

is a cross sectional view A-A of Figure 3;

is a top view of the lyophilization cap of Fig-
ure 1, wherein the lyophilization cap is placed
on a lyophilization vial;

shows a cross sectional view B-B of Figure 5,
wherein the lyophilization cap is in the ly-
ophilization position;

shows the cross sectional view B-B of Figure 5,
wherein the lyophilization cap is in the seal-
ing position;

shows the top view of Figure 5, wherein the
sealing cap is rotated around an axis normal to
the paper plane compared to the view of Figure
5;

shows a cross section C-C of Figure 8, wherein
the lyophilization cap is in the lyophilization
position;

shows the cross section C-C of Figure 8,
wherein the lyophilization cap is in the seal-
ing position;

shows the cross section of Figure 10 with a ly-
ophilization cap according to a second embodi-
ment of the present invention;
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Figure 12 shows a perspective view of a lyophilization
cap according to a third embodiment of the pre-
sent invention;

Figure 13 is a cross sectional view of the lyophilization
cap of Figure 12 arranged on a vial, wherein
the lyophilization cap is in the lyophilization
position;

Figure 14 is a side view of the lyophilization cap of
Figure 12 arranged on a vial, wherein the ly-
ophilization cap is in the lyophilization posi-
tion; and

Figure 15 shows the lyophilization cap and vial of Figure
14, wherein the lyophilization cap is in the
sealing position.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following, a first embodiment of the present invention
is explained. In the figures, equal or functionally equiva-
lent parts have equal reference signs.

According to this first embodiment, a lyophilization cap 1,
hereinafter referred to as cap 1, comprises a neck portion 2
and a head portion 3, as illustrated in Figures 1 to 4. As
will be explained in more detail at a later stage, it is one
primary function of the head portion 3 to allow lyophiliza-
tion of a substance in a vial whilst the cap 1 is arranged in
a lyophilization position on the vial. Furthermore, it is an-
other primary function of the head portion 3 to fasten the
neck portion 2 inside the mouth of the vial for sealing the
same in a sealing position of the cap 1.

The head portion 3 of the cap 1 has a base portion 4 of pref-
erably circular shape. At its perimeter, the base portion 4
is connected to an elastically deformable element 5. The de-
formable element 5 i1s preferably of an annular shape and ta-
pers in a direction away from the base portion 4.

The base portion 4 has through-holes 6a...6d, for example of
an elongated shape, allowing gases to escape from the vial
during lyophilization.

Furthermore, the base portion 4 comprises bumps 7a...7d on
its upper surface 11. The bumps 7a...7d have the function to
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prevent adhesion of the cap 1 during handling, for example to
prevent adhesion to a surface of a suction gripper.

At the same time the through-holes 6a...6d and bumps 7a...7d
are arranged around a preferably circular area 8 for inter-
facing with a suction gripper. This allows for an easy auto-
mated handling of such caps 1. Even more preferably the bumps
7a...7d are arranged alternatingly with said through-holes
fa...6d on a substantially circular line concentric with the
base portion 4. Such a preferably symmetric arrangement of
the bumps 7a...7d and through-holes 6a...6d can lead to ad-
vantages during handling of the cap 1.

As can be seen from Figure 2, the neck portion 2 is connected
to a lower surface 12 of the base portion 4. At the same
time, the neck portion 2 extends away from the lower surface
12 of the base portion in the same direction as the elasti-
cally deformable element 5 and extends -along a center axis 13
passing through the center of the base portion 4. Preferably,
the deformable element 5 is concentric with the neck portion
2 and tapers in a direction away from the lower surface 12 of
the base portion 4.

The neck portion 2 comprises sealing means 14 arranged adja-
cent to the lower surface 12. The sealing means 14 are pref-
erably sealing rings, in particular two sealing rings 1l5a and
15b, concentric with the center axis 13. The sealing rings
15a and 15b are spaced apart from each other.

Adjacent to the sealing means 14, preferably bordering di-
rectly onto the sealing ring 15b, in a direction away from
the lower surface 12 of the base portion 4, the neck portion
2 has a centering portion 16 for insertion into the mouth of
the vial. For this purpose, the centering portion 16 prefera-
bly extends further from said lower surface 12 than a bottom
end 17 of the elastically deformable element 5. At the same
time;, it is preferred that the bottom end 17 is spaced fur-
ther from the lower surface 12 than the sealing means 14. The
advantages of such a design will be explained in connection
with Figures 6 and 7 in more detail.

As illustrated in Figures 2 and 4, the centering portion 16
preferably has a circular cross section with substantially
semi-circular recesses 18a...18d. The recesses define webs
19a...19d between them respectively. The recesses 18a...18d
form channels 22a...22d which connect a bottom end surface 23
of the neck portion 2 with a bottom end surface 24 of the
sealing means 14 respectively.
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According to the first embodiment, the webs 19a...19d have
substantially semi-circular noses 25a...25d extending along
the center axis 13. Preferably the noses 25a...25d are elas-
tically deformable for a friction grip with an inner wall of
the mouth of the vial as will be explained in more detail
later.

Moreover, a hole 20 extends from the upper surface 11 at the
center of the base portion 4 through the base portion 4 into
the neck portion 2 along the center axis 13. The hole 20
serves as a means for positioning of a suction gripper head
on the suction gripper interface surface 8. Further, the hole
20 ensures the cap 1 having approximately the same wall
thickness throughout, which leads to a better vulcanization
process. Furthermore, the hole 20 simplifies demolding during
production of the cap 1. However, embodiments without the
hole 20 are also conceivable. The extra material would then
provide the cap 1 with additional rigidity.

According to this first embodiment of the present invention,
the cap 1 is made preferably of a single piece of material,
preferably bromobuthyl. However, it is also conceivable to
make the cap 1 of multiple parts and/or multiple materials.
Preferably the cap 1 is made by vulcanization.

Preferably, the cap 1 is of a mirror symmetrical shape,
wherein the axis of symmetry passes through the center axis
13. This simplifies staging processes and handling of the cap
1.

In the following, the working principle of the cap 1 accord-
ing to the first embodiment of the present invention will be
explained with reference to Figures 5 to 10.

Figure 6 shows the cap 1 of the first embodiment placed on a
vial 30 as typically used in pharmaceutical applications.

The vial 30 comprises a mouth 31, which is used for charging
the vial 30. Preferably, the vial 30 further has a mouth ring
32, which outwardly extends from the vial 30. In the arrange-
ment as shown in Figure 6, the mouth ring 32 has a first
shoulder 33, which is identical with the top end of the vial
30. However, other vials are conceivable, wherein the mouth
ring 32 is positioned a predetermined distance away from the
top surface, in which case the first shoulder 33 of the mouth
ring 32 is not identical with the top surface of the vial 30.
Moreover, the mouth ring 32 has a second shoulder 34 facing
away from the first shoulder 33.
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In the lyophilization position as depicted in Figure 6, the
bottom end 17 of the head portion 3 abuts against the first
shoulder 33, i.e. the top surface according to the embodiment
of Figure 6, of the vial 30. For this purpose, the elasti-
cally deformable element 5 has an outer diameter larger than
the inner diameter of the element (the first shoulder 33 ac-
cording to the first embodiment of the invention) against
which it abuts and an inner diameter smaller than an outer
diameter of that element.

In the lyophilization position, the sealing rings 15a and 15b
stay clear of the mouth 31 of the vial 30. This is due to the
deformable element 5 extending further from the lower surface
12 than the sealing means 14 as explained earlier. As a re-
sult, fluid, typically water vapor, can flow along the path
35 from a substance within the vial through the channels
22a...22d and through the throughholes 6a...6d to the outside
of the assembly to allow lyophilization (and vice versa).

It is advantageous to have the bottom end surface 23 of the
centering portion 16 extend beyond the bottom end surface 17
of the head portion 3. This results in the centering portion
16 extending into the mouth 31 whilst the cap 1 is in the ly-
ophilization position on the vial 30. This provides for a
support of the cap 1 on the vial 30 in the transverse direc-
tion during lyophilization. Thus, the likelihood of the cap 1
falling off the top surface 17 during lyophilization, for in-
stance due to inaccuracies in the gripping process, can be
reduced. ’

Preferably, the centering portion 16 tapers in a direction
away from the lower surface 12 of the base portion 4. This
allows for an easier insertion of the centering portion 16
into the mouth 31 of the vial 30.

In the light of rationalizing production, it is advantageous
to handle the cap 1 by means of a suction gripper (not
shown). A centering pin on the suction gripper head cooperat-
ing with the hole 20 allows for an easy pick up of the cap 1
from a staging tray (not shown). At the same time, the suc-
tion gripper interface surface 8 allows for an easy gripping
of the cap 1 when applying vacuum to the suction gripper.
Even vials 30 with caps 1 being arranged in immediate prox-
imity to one another, wherein the caps 1 are more or less
touching one another, can be handled with ease. In another
step, the cap is placed on the vial 30. The vacuum is
switched off and the bumps 7a...7d prevent adhesion of the
cap 1 on the suction gripper and ensure that throughholes
fa...6d are at no time covered thus allowing lyophilization



10

15

20

25

30

35

40

45

WO 2008/129409 PCT/IB2008/000991
12

whilst the suction gripper is in contact with the suction
gripper interface surface 8. Next, the cap 1 is pressed down
on the vial 30 by means of application of a force, preferably
on the upper surface 11 of the head portion 3. Thereby, the
deformable element 5 expands elastically around the mouth
ring 32 and contracts thereafter, thus engaging behind the
second shoulder 34. The tapered shape of the deformable ele-
ment 5 advantageously increases the force required to remove
the cap 1 from the vial 30. In this position, the sealing
means 14 extend into the mouth 31, wherein the sealing rings
15a and 15b lie tightly against an inner wall 36 of the mouth
31 and thereby sealing the same.

The hardness of the material used for making the cap 1 pref-
erably ranges from 40 to 70 , more preferably from 50 to 56
Shore hardness and most preferably from 52 to 54 Shore hard-
ness. These hardness levels provide a cap, which is suffi-
ciently rigid for efficient handling, ensures a sufficiently
tight sealing of the mouth 31 of the vial 30 and furnishes
the deformable element 5 with a sufficient holding force to
prevent the cap 1 from coming loose accidentally from the
vial 30. '

Usually, a great number of caps 1, for instance 100 - 20.000,
are operated simultaneously from the lyophilization position
to the sealing position by a single tool. If the suggested
hardness values are chosen for the material of the cap 1, the
force required on the tool will remain within reasonable
bounds.

Figures 8 to 10 correspond to Figures 5 to 7 respectively,
the difference being that in Figures 8 to 10 the cross sec-
tional plane C-C is rotated relative to the cross sectional
plane B-B of Fig. 5 to 7 about an axis normal to the plane of
the paper.

Figure 9 shows the noses 25a...25d on the webs 19%a...19d ly-
ing against the inner wall 36 of the vial 30 in the lyophili-
zation position. This ensures a firm hold of the cap 1 on the
vial 30. In this state, the noses 25a...25d are elastically
compressed and thus generate friction forces between the cap
1 and the wvial 30.

Figure 11 shows a cap 40 according to a second embodiment of
the invention, which differs from the cap 1 of the first em-
bodiment in that a bottom end 41 of a deformable element 43
has a chamfer 44 facing a vial 45. The chamfer 44 allows for
a simple, single-handed opening of the vial 45. A user can
hold the vial 45 using his fingers and using his thumb 46,
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specifically his thumb nail 47, reach underneath the chamfer
44 and press substantially upwards and away from the vial 45
in order to deform the elastically deformable element 43 and
thus remove the cap 40 from the vial 45 with one hand only.

Figures 12 to 15 illustrate a lyophilization cap 60 with a
vial 61 according to a third embodiment of the present inven-
tion. In the following, only differences between the lyophi-
lization cap 60 according to the third embodiment and the cap
1 according to the first embodiment will be explained.

A deformable element 62 is composed of only two partially an-
nular segments 63a and 63b being attached to a substantially
rectangular base portion 64. The third embodiment can result
in a saving of material over the first embodiment.

Although the present invention has been described in accor-
dance with specific embodiments, it is obvious for a person
skilled in the art that modifications are possible in all em-
bodiments.
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18a
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19a
19b
19c
194
20
22a
22b
22¢C
22d
23
24
25a
25b
25c
25d
30
31
32
33
34
35
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Reference signs

lyophilization cap
neck portion

head portion

base portion
deformable element
throughhole
throughhole
throughhole
throughhole

bump

bump

bump

bump

suction gripper interface surface
upper surface
lower surface
center axis
sealing means
sealing ring
sealing ring
centering portion
bottom end

recess

recess

recess

recess

web

web

web

web

hole

channel

channel

channel

channel

bottom end surface
bottom end surface
nose

nose

nose

nose

vial

mouth

ring

first shoulder
second shoulder
flow path
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Claims

Lyophilization cap (1) for sealing a vial (30) having a
mouth ring (32), said cap (1) comprising:

a neck portion (2) having sealing means (14) for sealing
said vial (30); and

a head portion (3) having at least one elastically de-
formable element (5) for engaging behind said mouth ring
(32) of said vial (30).

Lyophilization cap according to claim 1, wherein said at
least one elastically deformable element (5) has an at
least partially annular shape.

Lyophilization cap according to claim 1 or 2, wherein
said at least one elastically deformable element (5) has
a tapering shape. :

Lyophilization cap according to at least one of the pre-
ceding claims, wherein said head portion (3) further
comprises a base portion (4) having an upper and a lower
surface (11; 12).

Lyophilization cap according to claim 4, wherein said
base portion (4) has at least one through-hole (6a...6d)
allowing fluids to escape from the vial (30) during ly-
ophilization.

Lyophilization cap according to claim 4 or 5, wherein

said upper surface (11) of said base portion (4) com-

prises at least one bump (7a...7d) to prevent adhesion
of said cap (1) during handling.

Lyophilization cap according to claim 6, wherein said at
least one bump (7a...7d) is arranged around a suction
gripper interface surface (8) on said upper surface (11)
of said base portion (4).

Lyophilization cap according to at least one of the
claims 4 to 7, wherein said at least one elastically de-
formable element (5) extends from said lower surface
(12) of said base portion (4).

Lyophilization cap according to at least one of the
claims 4 to 8, wherein said at least one elastically de-
formable element (5) extends further than said sealing
means (14) from said lower surface (12).
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13.

14.

15.

16.

17.

18.
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Lyophilization cap according to at least one of the
claims 5 to 9, wherein said bumps (7a...7d) are arranged
alternatingly with said through-holes (6a...6d) on a
substantially circular line.

Lyophilization cap according to at least one of the
claims 4 to 10, wherein said neck portion (2) extends
away substantially perpendicularly from said lower sur-
face (12) along a center axis (13) of said elastically
deformable element (5).

Lyophilization cap according to claim 11, wherein a hole
(20} extends from said upper surface (11) along said
center axis (13) inside said neck portion (2).

Lyophilization cap according to at least one of the pre-
ceding claims, wherein said neck portion (2) further
comprises a centering portion (16) for insertion into a
mouth (31) of said vial (30) and thereby transversely
stabilizing said cap (1) on said wvial (30).

Lyophilization cap according to at least one of the
claims 4 to 13, wherein said sealing means (l14) are ar-
ranged adjacent to said lower surface (12) and said cen-
tering portion (16) is arranged adjacent to said sealing
means (14).

Lyophilization cap according to claim 13 or 14, wherein
said centering portion (16) extends further from said
lower surface (12) than said at least one deformable
element (5).

Lyophilization cap according to at least one of the pre-
ceding claims, wherein said sealing means (14) comprises
one or more, in particular two ring-shaped seals (15a,
15b) being spaced apart from one another.

Lyophilization cap according to at least one of the
claims 13 to 16, wherein said centering portion (16) of
said neck portion (2) comprises at least one channel
(22a...22d) for fluidly connecting an end of said neck
portion (2) to said through-holes (6a..6d) of said head
portion (3).

Lyophilization cap according to at least one of the
claims 13 to 17, wherein said centering portion (16) of
said neck portion (2) has a circular cross section with
substantially semicircular recesses (18a...18d) defining
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preferably four symmetrically arranged webs (19a...194)
between them.

Lyophilization cap according to claim 18, wherein said
webs (19a...19d) are elastically deformable for a fric-
tion grip with an inner wall (36) of said mouth (31) of
said vial (30).

Lyophilization cap according to at least one of the pre-
ceding claims, wherein the cap (1) is comprised of a
single piece.

Lyophilization cap according to at least one of the pre-
ceding claims, wherein the cap (1) comprises bromobutyl.

Lyophilization cap according to at least one of the pre-
ceding claims, wherein sound producing means are pro-
vided, which produce a sound on removing the cap (1)
from the vial (30).

Lyophilization assembly, comprising:

a vial (30) having a mouth (31) and an outwardly extend-
ing mouth ring (32), wherein said mouth (31) has an in-
ner wall (36) and wherein said mouth ring (32) has a
first shoulder (33) facing said mouth (31) and a second
shoulder (34) facing away from said mouth (31); and

a lyophilization cap (1) according to at least one of
the preceding claims 1 to 22.

Lyophilization assembly according to claim 22, wherein
sald at least one elastically deformable element (5) has
an outer diameter larger than the inner diameter of said
mouth ring (31) and an inner diameter smaller than an
outer diameter of said mouth ring (31).

Lyophilization cap (1) and vial (30), wherein said cap
(1) is used for sealing said vial (30) and wherein said
vial (30) has a mouth (31) and an outwardly extending
mouth ring (32), said mouth (31) having an inner wall
(36) and said mouth ring (32) having a first shoulder
(33) facing said mouth and a second shoulder (34) facing
away from said mouth (31), said cap (1) comprising:

a neck portion (2) having sealing means (14) for sealing
said mouth (31); and
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a head portion (3) having at least one elastically de-
formable element (5) for engaging behind said mouth ring
(32) of said vial (30);

wherein said cap (1) has a lyophilization position, in
which said at least one elastically deformable element
(5) abuts against said first shoulder (33) and said
sealing means (14) stay clear of said mouth (31);

wherein said cap (1) has a sealing position, in which
said at least one elastically deformable element (5) en-
gages said second shoulder (34) and said sealing means
(14) press elastically against said inner wall (36) of
said mouth (31) to seal the same;

wherein said at least one elastically deformable element
(5) deforms elastically when operating said cap (1) be-
tween said lyophilization position and said sealing po-
sition.

Lyophilization cap and vial according to claim 24,
wherein said sealing means (14) are spaced apart from
said mouth (31) in said lyophilization position of said
cap (1) and wherein said sealing means (14) are in a
sealing contact with said walls (36) of said mouth (31)
in a sealing position of said cap (1). :

Lyophilization cap and vial according to claim 24 or 25,
wherein said at least one elastically deformable element
(5) extends further from a lower surface (12) of said
head portion (3) then said sealing means (14) spacing
said sealing means (14} from said mouth (31).
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